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TO MY PARENTS 


Foreword 


In this book on surgical anatomy, the author 
has deviated considerably from the usual plan 
and has presented the material with a stronger 
surgical viewpoint. Obviously, it will appeal 
primarily to surgeons and particularly to those 
in training because operative technic is in- 
cluded with the anatomy. The entire body is 
covered in the anatomic discussion and the 
principles of technic described for the impor- 
tant operations. This method of presentation 
of anatomic data has an obvious advantage 
in that it correlates the anatomy with the tech- 
nical phase of surgery; without question, the 
young surgeon will find that this integration 
will make it much easier for him to remember 
the important anatomic details. The author 
is to be complimented in the efficiency of the 
correlation of anatomy and surgery. 

The text is written in a clear and refreshing 
style; it is obvious that the author is a trained 
and effective teacher. The accuracy of thought 
and the continuity of expression are definite 
proof that the author has spent an enormous 
amount of time in preparing the text as well 
as in choosing the illustrations. 

Another attractive feature in this volume 
is the caliber of illustrations, most of which 
have been furnished by one artist. The draw- 
ings are excellent and are to be commended 
for their clarity and accuracy. It is a relief to 
note the large size of lettering for the labels; 
this feature makes it easy to find and identify 
the various details of a drawing. About a quar- 


ter of the illustrations are in color—a feature 
which adds greatly to their value. 

Anatomy is an important phase of surgery 
and is very necessary in the training of a sur- 
geon. Years ago it was perhaps overempha- 
sized in the prerequisites of a surgeon. During 
recent years when a knowledge of physiology 
was found to be so important to the surgeon, 
anatomy has to a great extent been neglected. 
The pendulum is threatening to swing too far 
and give the young surgeon the idea that he 
need not spend time on anatomy. The time 
will never come when anatomy will be unim- 
portant to the surgeon; the young surgeon 
must always appreciate this. It may be safe 
to prophesy that several decades hence the 
surgeons’ work will be confined largely to the 
correction of congenital deformities and the 
treatment of traumatic injuries. If this situa- 
tion should come to pass, the relative impor- 
tance of anatomy to the surgeon will again 
become very prominent and justly so. 

For the above reason the young surgeon 
should find this volume decidedly helpful in 
his training period; since anatomy is a science 
which unfortunately is readily forgotten, the 
older surgeon likewise should find the con- 
tents very useful. The author is to be congratu- 
lated on having prepared a volume with so 
many fine qualities. 


WARREN H. COLE 


vii 


Preface to the 


It is erroneous to consider anatomy a fixed 
and rigid subject that never changes. In anat- 
omy, “What’s new?” is a question that contin- 
ues to interest and stimulate the anatomists. 
I use “anatomists” broadly to refer to the pro- 
fessor of anatomy and the freshman in medical 
school, to the practicing primary-care physi- 
cian and the superspecialist, to all surgeons, 
and to all those in the allied medical fields. 
Unfortunately, there has been a tendency in 
medical schools to relegate the study of anat- 
omy to a position of secondary importance. 
It is the feeling of some that a knowledge of 
anatomy can be picked up along the way. This 
is an untenable approach! To provide holistic 
care to a patient, a physician must have a basic 
knowledge of anatomy. If quality care is to 
be given, the practitioner must be willing 
to review—and to rereview—the subject 
throughout professional life. Advancements in 
sonography, computerized tomography, and 
angiography have revealed new facets and 
nuances of anatomy that could not be appreci- 
ated earlier in the dissecting laboratories. 
Many unsuspected, repetitive anomalies have 
been reported that are of clinical importance. 
The abdominal surgeon knows the vagaries 
of the course of the cystic artery and the im- 
portance of this knowledge to a safe and suc- 
cessful cholecystectomy. The surgeon can 
never review anatomic structures too fre- 
quently. It has been stated that “normal anat- 
omy is the most common anomaly.” This to 
me is an exquisite statement. 


Third Edition 


Officially, all anatomic terms have been ex- 
pressed in Latin. I have no objection when 
these terms are anglicized to a more compre- 
hensible language as is done in other English- 
speaking countries, but in this text I have for 
the most part used the Nomina Anatomica. 
However, when it seemed to clarify the ana- 
tomic structure or the sentence, I have not 
hesitated to use a familiar variant; for I feel 
that eponyms should not be discarded totally, 
particularly if the anatomic term is expressed 
in direct relation to the eponymic version. 

This book is not meant to be an ency- 
clopedic text. The purpose of this third edi- 
tion, as of the two previous editions, is to give 
students, undergraduate and postgraduate, an 
understanding of the anatomy of the human 
body which will expedite and facilitate their 
future studies and careers. It is my fervent 
hope that this book will be as well received 
as the earlier editions. As before, I shall be 
grateful for comments and suggestions aimed 
at clarifying and strengthening any aspect of 
the exposition that follows. 

It does not seem possible to improve the 
superlative illustrations of Carl Linden. His 
distinctive portrayals of the anatomic struc- 
tures have been left intact. I am grateful to 
Nancy Swan who has added approximately 
100 illustrations and whose technic is equally 
distinctive and proficient. 


PHILIP THOREK, M.D. 


Preface to the First Edition 


This book on surgical anatomy is the culmi- 
nation of seventeen years’ experience in 
teaching gross and topographic anatomy and 
surgery. I have had the good fortune of con- 
stant daily contact with both the undergradu- 
ate student at the University of Illinois College 
of Medicine and the postgraduate student at 
the Cook County Graduate School of Medi- 
cine. It was only through personally appreciat- 
ing the dilemma of the medical student and 
his desire to know clinical surgery, as well as 
the avidity of the postgraduate student for ad- 
ditional anatomic knowledge, that the idea for 
this book presented itself. 

When the text was started twelve years ago, 
my notes previously prepared for lectures and 
anatomic demonstrations formed the nucleus 
for this work. Fifteen years of clinical observa- 
tions as seen at the operating table provided 
additional data. 

It is intended that Anatomy in Surgery 
might act as a means of narrowing the gap 
which exists between freshman anatomy and 
operative surgery. An attempt has been made 
to clarify this complex subject by a simple 
method of presentation and correlation. Punc- 
tilious attention has been given to the ana- 


tomic details, both in the text and in the illus- 
trations. All of the drawings are original; many 
are presented in third-dimensional views; and 
all are closely analogous to the text. If any 
reference sources have not been properly ac- 
knowledged it is indeed an unintentional 
oversight. 

I am deeply indebted to the artist, Mr. Carl 
Linden. His untiring efforts, understanding, 
wholehearted and sincere co-operation have 
made working with him a memorable experi- 
ence. The creative talent which he possesses 
and his ability to depict true anatomic rela- 
tionships are responsible for the illustrations 
of this book. 

I am most grateful to Miss Mary Y. Nugent 
for her invaluable assistance in preparing the 
manuscript, arranging material and reading 
the proof. 

I wish to thank the officers and the person- 
nel of the J. B. Lippincott Company, particu- 
larly Mr. Walter Kahoe, Mr. Stanley A. Gillet 
and Mr. Edwin H. Bookmyer, whose splendid 
co-operation and keen interest have made this 
work possible. 


PHILIP THOREK 
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SECTION 1 HEAD 


Chapter 1 


Scalp 


Scalp Proper 


The scalp is made up of the soft parts which 
cover the skull from one temporal line to the 
other and from the eyebrows in front to the 
superior nuchal lines behind. The layers of 
the scalp move as a unit with the contractions 
of the muscles. It is of particular interest to 
the surgeon because injuries and infections 
in this region may involve the skull, the si- 
nuses, the meninges or the brain, and superfi- 
cial cysts and vascular tumors may be found 
between its layers. It consists of 5 layers. If 
one spells the word “SCALP,” these layers can 
be remembered (Fig. 1): 


S—Skin 

C—Connective tissue (dense) 

A—FEpicranial aponeurosis (occipitofrontalis) 
L—Loose connective tissue 

P—Periosteum (pericranium) 


Skin 


The skin of the scalp is very thick and contains 
numerous hairs and sebaceous glands. The 
hairs pass through it to an unusual depth, so 
that on reflecting the skin, the hair roots are 
cut across and can be seen and felt on its deep 
surface. The sebaceous glands may give rise 
to sebaceous cysts (wens). The skin is firmly 
attached to the underlying dense connective 
tissue layer, and because of this it is removed 
with difficulty. 


Connective Tissue 


The dense connective tissue is the superficial 
fascia and acts as a firm bond of union between 
the skin above and the aponeurosis below. In 
this dense, fibrous and unyielding layer run 
the superficial nerves and blood vessels of the 
scalp. This tissue holds the vessels firmly in 
place and prevents them from retracting; thus 
profuse bleeding results when the scalp is in- 
jured. Because of the great vascularity of the 
scalp it is rarely necessary to cut away any 
avulsed portions, as the flap usually retains its 
viability. Due to the compactness of the tissue, 
subcutaneous hemorrhage cannot spread ex- 
tensively, and inflammation is associated with 
little swelling but much pain. 


Epicranial Aponeurosis 


The aponeurotic layer has been called the epi- 
cranial aponeurosis (occipitofrontalis muscle 
or galea aponeurotica). It consists of two fron- 
tal and two occipital bellies, connected by the 
epicranial aponeurosis. The occipitalis arises 
from bone, but the frontalis has no bony ori- 
gin. The occipital portion takes its origin from 
the outer half of the superior nuchal line; the 
frontalis arises from the skin and the subcuta- 
neous tissues of the eyebrows and the root 
of the nose, where it blends with the orbicu- 
laris oculi. The muscles are continuous over 
the temporal fascia and have no well-defined 
lateral margins. The epicranial muscle belongs 
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2 Head: Scalp 
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Fig. 1. Diagrammatic representation of the 5 lay- 
ers of the scalp and the deeper structures. The 
word “SCALP” is spelled when one recalls the first 
letter of each layer. The loose connective tissue 


to the muscles of expression, since the poste- 
rior bellies draw the entire scalp backward 
and the anterior produce the characteristic 
transverse wrinkles in the skin of the fore- 
head. The frontal bellies are supplied by the 
temporal branches of the facial nerve, and the 
occipital by the posterior auricular branches 
of the same nerve. The aponeurosis is felt as 
a dense and strong membrane which is con- 
nected to the frontalis in front and to the oc- 
cipitalis behind, and on each side it passes su- 
perficial to the temporal fascia to become 
attached to the zygomatic arch. If a scalp 
wound gapes, the examining physician may 
be certain that the galea has been divided 
transversely, since the skin is attached to this 
structure so firmly that otherwise no gaping 
would be possible. 
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(Occipitofrontalis) 
OL- Loose connective tissue 
(dangerous area) 


p- Periostium 
ep (pericranium) 


Dura mater 


4 Po mater and arachnoid 


J koe 


layer is the “dangerous area” since the emissary 
veins are located here and it is in this plane that 
pus or blood may spread. 


Loose Connective Tissue 


The loose connective tissue has been referred 
to as the subepicranial connective tissue 
space. It lies between the aponeurotic layer 
above and the pericranium below and is really 
not a true space but a potential one. The im- 
portant emissary veins connecting the venous 
sinuses in the skull with the veins of the scalp 
traverse this dangerous area. This loose areo- 
lar tissue permits free movements of the scalp 
and allows large collections of blood or pus 
to accumulate under the scalp without undue 
tension. The first 3 layers of the scalp can be 
easily separated from the pericranium 
through this space, and the knowledge of this 
plane permitted the Indians to become so 
clever at “scalping.” The space is closed poste- 
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Fig. 2. The vessels and the nerves of the scalp and the side of the face. All the nerves of the scalp 
are sensory, with the exception of the facial nerve, which supplies the epicranius muscle. 


riorly by the attachments to the superior nu- 
chal line and laterally to the zygomatic arch; 
since the frontalis has no attachment to bones 
anteriorly, it is open in this direction. Due 
to this lack of attachment anteriorly, bleeding 
may occur into the loose connective tissue 
layer in head injuries; after a day or two of 
slow gravitation, the hemorrhage appears first 
in the upper eyelids and later in the lower. 


Periosteum 


The pericranium (periosteum) refers to the 
outer or external periosteum of the skull. It 
is loosely attached to the surface of the skull 
bones except at the suture lines and over the 
temporal fossae. At the suture lines it dips be- 
tween the bones as a suture membrane which 
is blended with the periosteum of the interior 


of the skull, this latter being known as the 
outer layer of the dura. Collections of fluid 
beneath the pericranium can easily strip it 
but cannot pass beyond the suture line, and 
for this reason any swelling, such as cephalhe- 
matoma, will maintain the shape of the bone 
to which it is related. Surgeons do not hesitate 
to remove this layer, because the blood supply 
to the skull can be provided through the at- 
tachment of muscles. 


Vessels, Nerves and Lymph 
Vessels 


Arteries. The vessels of the scalp (Fig. 2) are 
numerous and they anastomose freely. The 
arteries are derived from both the internal 
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Fig. 3. Regional lymph drainage of the scalp. This represents a general plan which is subject to many 


variations. 


and the external carotids. Anteriorly, the su- 
pratrochlear and the supraorbital arteries as- 
cend over the forehead, accompanied by the 
nerves of the same name. Both are branches 
of the ophthalmic artery (internal carotid). 
Their terminal branches anastomose with 
each other, with their fellows of the opposite 
side and with the superficial temporal (exter- 
nal carotid) of the same side. Laterally, the 
superficial temporal artery ascends in front 
of the ear (tragus), accompanied by the auricu- 
lotemporal nerve. It divides into anterior and 
posterior branches which supply large areas 
of scalp, and then it anastomoses with the cor- 
responding vessels of the opposite side. Poste- 
riorly, there are two arteries on each side, the 
posterior auricular and the occipital. The pos- 
terior auricular ascends behind the auricle 
and supplies that structure and adjoining parts 
of the scalp; the occipital extends over the 
occipital area accompanied by the greater oc- 
cipital nerve. Since the arteries of the scalp 


anastomose so freely with each other and 
those of the opposite side, they form potential 
collaterals following ligation of the external 
or the common carotid artery on one side. 


Veins. The veins of the scalp run parallel 
with the arteries. The supratrochlear and the 
supraorbital veins unite to form the facial 
vein (p. 119), which makes an important com- 
munication with the superior ophthalmic. 
They receive many of the emissary veins of 
the cranium and through these communicate 
with the underlying cranial venous sinuses. 


Nerves. The nerves of the scalp (Fig. 2) are 
arranged in five groups which, considered 
from before backward, are: (1) The supratroch- 
lear, appearing through the supratrochlear 
notch of the frontal bone and supplying the 
region of the glabella; (2) the supraorbital, 
which emerges through the supraorbital 
notch or foramen of the frontal bone, runs 
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Fig. 4. Operation for cirsoid aneurysm. Short indi- 
vidual incisions are placed over the main pulsating 
vessels which lead to the aneurysm; these are li- 


upward over the forehead and supplies the 
scalp as far as the crown of the head; (3) the 
auriculotemporal, which passes in front of the 
tragus of the ear and supplies the side of the 
scalp; (4) the posterior auricular, supplying 
a small area behind the ear; (5) the great oc- 
cipital, which supplies the large area of skin 
over the occipital region and extends forward 
to the vertex. The lesser occipital nerve may 
or may not extend into the scalp. 

All the nerves of the scalp are sensory with 
the exception of the facial, which supplies the 
epicranius muscle. The supratrochlear, the su- 
pra-orbital and the auriculotemporal are 
branches of the trigeminal; the great auricu- 
lar, the lesser and the great occipital are of 
spinal origin. Any of these may be affected 
by referred or neuralgic pains, the occipital 
and the supra-orbital being involved most 





gated and divided. A continuous lock stitch is 
placed around the mass, and the aneurysm is re- 
moved. 


commonly. Since the nerves of the scalp ap- 
proach it from all directions and overlap, it 
is rarely possible to produce an adequate local 
anesthesia by a single nerve block. The area 
to be anesthetized must be ringed by a series 
of injections. Like the vessels, the nerves 
travel in the subcutaneous tissue; hence, the 
solution must be placed in this layer and not 
in the subaponeurotic layer where it would 
spread with great ease but would not produce 
anesthesia. 


Lymph Vessels. The lymph vessels of the 
scalp and the face (Fig. 3) drain downward 
from the occipital region to the occipital 
nodes, from the parietal and the temporal re- 
gions to the preauricular and the postauricular 
nodes, and from the frontal region to the sub- 
mandibular nodes. Infected wounds, pediculi 
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and furuncles usually cause the lymphadenitis 
associated with scalp pathology. 


Cirsoid Aneurysm 


Reid and Andrus believe that cirsoid aneu- 
rysms are abnormal arteriovenous communi- 
cations. Ligation of the surrounding vessels 
improves the condition but rarely cures it; 
therefore, excision is the treatment of choice. 
Hemorrhage is the greatest danger. 


Technic (Fig. 4). Short individual incisions are 
placed over the pulsating vessels leading to 


Scalp 


the aneurysm. These usually include the su- 
perficial temporal artery and vein, the occipi- 
tal artery and vein, the supraorbital vessels 
and the frontal vein. These are ligated and 
divided. A continuous locked suture is placed 
around the mass to control bleeding. A U- 
shaped incision is made within the hemostatic 
suture, and a skin flap is reflected upward, 
thus exposing the aneurysm. The mass of ves- 
sels is carefully excised. The encircling hemo- 
static suture is removed bit by bit, all bleeding 
points are controlled, and the skin flap is su- 
tured into place. 
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Chapter 2 


Skull 


Embryology 


The brain of the fetus is surrounded by a mem- 
branous capsule which is continuous with a 
similar capsule surrounding the spinal cord. 
Chondrification begins in the base, but ossifi- 
cation begins in the calvaria (supraorbital por- 
tion) before the chondrifying process has 
progressed very far. Bones which are formed 
in membrane are the frontal, parietal, squa- 
mous temporals, the greater wings of the 
sphenoid (except their roots) and the occipital 
above the nuchal lines. Centers appear for 
these bones about the 7th week. In general, 
the older basal portion of the skull is pre- 
formed in cartilage, but the facial and the roof- 
ing bones are formed intramembranously. 

At birth the skull reveals a lack of firmness 
between the bone sutures so that considerable 
movement can be produced, thus facilitating 
the “molding” which takes place during child- 
birth. The most striking feature of the neona- 
tal skull is the marked disproportion between 
the cranium and the facial skeleton. At birth 
the facial region covers only one eighth of 
the skull as compared with one half in the 
adult. 


Fontanelles 


The fontanelles (Fig. 5) are unossified spaces 
which appear at the angles of the parietal 
bones. The anterior fontanelle is 4-sided and 
is bounded by the margins of the 2 frontal 
and the 2 parietal bones. Intracranial pulsa- 


tions may be transmitted through this tissue 
and are usually visible in infants. Extension 
of the bony margins closes this fontanelle be- 
fore the age of 2 years. The posterior fonta- 
nelle is 3-sided and is bounded by the occipital 
and the 2 parietal bones; its sides pass laterally 
into the lambdoid sutures and its apex to the 
sagittal suture. It is usually closed during the 
first year of life. These membranous areas exist 
in the midline of the cranium and are of great 
value in determining the position of the fetal 
head during labor. Fontanelles are also pres- 
ent at the pterion and the asterion. 

The suture between the 2 frontal bones of 
the newborn child disappears around the 3rd 
year of life but may persist indefinitely, giving 
rise to a metopic suture. 


Skull Proper 


The word “skull” refers to the entire skeleton 
of the head and the face, including the mandi- 
ble. “Cranium” refers to the skull minus the 
mandible. “Calvaria” refers to the skull after 
the bones of the face have been removed (that 
portion which is above the supraorbital 
ridges). 

The skull as a whole is slightly flattened 
from side to side. When viewed from above 
it appears to be smooth, but from below it 
is very uneven. It is oval in shape, wider be- 
hind than in front, and is composed of flat- 
tened or irregular bones that are joined to- 
gether immovably, with the exception of the 
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Fig. 5. The fetal skull: (A) Lateral view, showing average measurements. (B) Oblique view, showing 


the sutures and the fontanelles. 


mandible. The skull is made up of 24 bones, 
including the mandible and the bones of the 
head and the face. The bones consist of 2 ta- 
bles or plates of compact substance which en- 
close a layer of spongy bone between them 
known as the diploë. The diploë contains mar- 
row and is supplied by numerous small diploic 
branches that arise from the arteries of the 
scalp and the dura mater. The veins of the 
diploë anastomose with each other to form 
the main diploic veins. In some of the bones 
the diploë is absorbed, leaving cavities which 
are referred to as air sinuses and are situated 
between the tables of compact bone. The si- 
nuses communicate with the cavity of the nose 


and have a mucous lining that is also continu- 
ous with the nasal cavity. 

The exterior of the skull should be viewed 
from 5 different positions, each of which is 
referred to as “norma”: norma verticalis (from 
above); norma basalis (from below); norma 
frontalis (from in front); norma occipitalis 
(from behind); norma lateralis (from the side). 


Norma Verticalis 


As seen from above, the outline of the skull 
varies greatly. It may be oval or nearly circu- 
lar; its greatest width is usually nearer the oc- 
cipital than the frontal region. The top of the 
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Fig. 6. The top of the skull, viewed from above (norma verticalis). 


skull (Fig. 6) shows portions of 4 bones: the 
frontal, the occipital, the right and the left 
parietals. They are united by serrated bony 
seams called sutures, which have interlocking 
jagged sawlike edges. The suture that unites 
the frontal to the 2 parietal bones runs across 
the skull from side to side in a crownlike ar- 
rangement and is known as the coronal suture. 
That suture which unites the occipital to the 
2 parietal bones resembles the Greek capital 
letter lambda which looks like an inverted “V” 
and is known as the lambdoid suture. “Sag- 
itta? means arrow, and the lambdoid suture 
and the sagittal suture, with the anterior fon- 
tanelle, have a definite resemblance to an ar- 
row. The meeting point between the coronal 
and the sagittal sutures is called the bregma. 
At birth the parts of the frontal and the pari- 
etal bones around the bregma are not fully 
ossified; because of this a lozenge-shaped 
membranous area results which is called the 
anterior fontanelle. This yields to the touch, 
and the pulse rate can be counted here. That 
point at which the sagittal and the lambdoid 
sutures meet is called the lambda and marks 
the site of the posterior fontanelle. The vertex, 


the highest point of the skull, is on the sagittal 
suture near its middle. The parietal foramen 
is a small opening present on either side of 
the sagittal suture; it is usually big enough to 
admit a pin, and a small artery and vein pass 
through it. This vein connects the veins of 
the scalp with the superior sagittal sinus; 
hence, an infection from the scalp may travel 
along this vein and involve the sinus. It is in- 
teresting to note that the sagittal suture is less 
serrated between the 2 parietal foramina. 


Norma Basalis 


This view (Fig. 7) is obtained when the skull 
is turned upside down, thus exposing the ex- 
ternal surface of its base. This inferior surface 
of the base of the skull is very irregular. It 
extends from the incisor teeth anteriorly back 
to the superior nuchal lines of the- occipital 
bone posteriorly. The anterior part of this as- 
pect is occupied by the bony palate, which 
is formed by the palatine processes of the max- 
illae and the horizontal plates of the palatine 
bones. 

In the median plane anteriorly, the incisive 


10 Head: Skull 





(Palatine presa = 
Bon ofmaxilla . {4 
palate Horizontal Æ 
p pan of pala: 4P) 
ine borie . t3 
Choanag . | 6) 


Zygomatic arch 
Foramen ovale 
Foramen 
spinosum ™~-p 
Foramen _ 
lacerum 
Art icular 
(mandibular) 
fossa 
Carotid -- 
canal 
External 
auditory 
meatus 
Ocċćipital-” 
condyle 
Post con- ’ 
dylar canal 
Foramen” 
magnum 
Ext. occipital 
crest 




















Greater pala- 
tine fossa 
Lesser pala- 





Med.ptery- 
"Qoid Plat È 
Pterygoid 
fossa 
Lat ptery- 
goid plaťe 
Styloid 

process 
Jugular 
foramen 
4 process 


Stylomastoid 
foramen 









i È; 


ay _Ext-. occipital 
protuberance (inion) 


Fig. 7. The external surface of the base of the skull (norma basalis). 


fossa receives the openings of the lateral inci- 
sive canals, which transmit the terminal parts 
of the greater palatine vessels to the nose and 
the descending terminal branches of the long 
sphenopalatine nerves. Anterior and posterior 
median incisive canals are sometimes present. 
The greater palatine fossa, which transmits 
the greater palatine vessels and nerves, is 
found in the posterolateral corner near the 
last molar. The lesser palatine fossae lie im- 
mediately behind the greater. Behind and 
above the hard palate are the choanae (the 
posterior bony apertures of the nose). These 
are separated from each other by the vomer 
and are bounded laterally by the medial ptery- 
goid plate. 

The pterygoid plates are a pair of large lat- 
eral and medial processes projecting down- 
ward from the roots of the greater wings of 
the sphenoid bones. Between these processes 


is an interval known as the pterygoid fossa, 
which opens posteriorly and is about half an 
inch in width. The free border of the medial 
plate ends below in a hook called the hamulus. 
This gives attachment at its tip to the ptery- 
gomandibular ligament, and by its posterior 
border to the upper fibers of the superior con- 
strictor muscle of the pharynx. The tensor pa- 
lati tendon twists around its lateral and ante- 
rior aspects. The lateral plate gives origin to 
the lateral pterygoid muscle on its lateral sur- 
face and to the medial pterygoid on its medial 
surface. Lateral to the structures just de- 
scribed is the roof of the infratemporal fossa. 

Posterolateral to the plates, the foramen 
ovale is found, which is quite large and trans- 
mits the mandibular nerve, the accessory 
meningeal artery and some small veins that 
connect the cavernous venous sinus with the 
pterygoid venous plexus. Some lymph vessels 
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from the meninges also pass through this fora- 
men, as does the lesser superficial petrosal 
nerve at times. Posterolateral to the foramen 
ovale is the foramen spinosum, which trans- 
mits the middle meningeal vessels. The zygo- 
matic arch is a prominent feature of this as- 
pect. At its caudal end is found the articular 
fossa, which receives the articular process of 
the mandible. The foramen lacerum is a large 
and jagged aperture located at the base of 
the medial pterygoid plate. The carotid canal, 
which is posterolateral to the foramen lace- 
rum, is a tunnel in the petrous portion of the 
temporal bone through which the internal ca- 
rotid artery travels on its way to the cranial 
cavity. From its opening the canal leads up- 
ward for a short distance, bends to become 
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horizontal and runs in a medial direction and 
forward to open into the foramen lacerum. 
The canal is in immediate relationship to the 
middle and the internal ears. The thumping 
sounds that one hears in the head during mo- 
ments of excitement or after violent exertion 
are due to the beating of the internal carotid 
artery against the bone that separates it from 
the internal ear (Fig. 81A). 

The jugular foramen is a large opening with 
uneven margins situated directly behind the 
carotid canal. The largest structure in this fo- 
ramen is the internal jugular vein. Other 
structures associated with it will be reviewed 
when the interior of the base of the skull is 
discussed. The jugular foramen is opposite the 
external auditory meatus, and that part of the 
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Fig. 8. Front view of the skull (norma frontalis). It is made up of 6 regions: frontal, orbital, nasal, 


zygomatic, maxillary and mandibular. 
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bone which bounds the foramen forms the 
floor of the middle ear. It is important to keep 
this relationship in mind since, in diseases of 
the middle ear, infection may pass through 
the bone and attack the internal jugular vein. 

Directly lateral to the foramen is the styloid 
process. Two ligaments (the stylohyoid and 
the stylomandibular) and 3 muscles (the stylo- 
glossus, the stylohyoid and the stylopharyn- 
geus) are attached to this process. The stylo- 
hyoid ligament runs from its tip to the hyoid 
bone, and the stylomandibular ligament ex- 
tends from the front of it to the posterior bor- 
der of the mandible. The stylomandibular liga- 
ment is a thickened part of the fascia that 
covers the anteromedial aspect of the parotid 
gland. The stylomastoid foramen is found im- 
mediately at the base of the styloid process 
and is the foramen that transmits the facial 
nerve from the brain to the exterior of the 
skull. The stylomastoid branches of the poste- 
rior auricular vessels are also transmitted by 
this foramen. 

The mastoid process can be palpated under 
cover of the lobule of the auricle but is not 
recognizable as a bony structure until the end 
of the 2nd year. The mastoid foramen, which 
is variable in size and position, is found poste- 
rior to the mastoid process. It transmits a vein 
to the transverse sinus and a small branch of 
the occipital artery to the dura mater. 

The foramen magnum, the largest bony fo- 
ramen in the skull, is the opening through 
which the medulla oblongata, or lowest subdi- 
vision of the brain, becomes continuous with 
the spinal cord. Its level is approximately the 
same as that of the mastoid process on the 
side of the head, and it is opposite a point 
on the back of the neck midway between the 
external occipital protuberance and the spine 
of the second cervical vertebra. 

The occipital condyles are the large, 
smooth and rather oblong protuberances that 
lie at the margins of the foramen magnum. 
They articulate with the atlas, and nodding 
movements of the head take place at the joints 
between the atlas and the condyles. 

The anterior condylar canal is above the 
lateral margin of the anterior part of the con- 
dyle. It is usually hidden by the condyle, and 
the skull must be tilted before the opening 


can be seen. The anterior condylar canal is 
smaller than the jugular foramen and is the 
opening that transmits the hypoglossal nerve. 
The posterior condylar canal, when present, 
passes above the posterior part of the condyle 
and opens into the posterior fossa. It transmits 
an emissary vein that connects the sigmoid 
venous sinus with the suboccipital venous 
plexus. 

Behind the foramen magnum a bony crest 
is noted, known as the external occipital crest, 
which ends in an elevation called the external 
occipital protuberance (inion). From the re- 
gion of the midpoint on this crest the inferior 
nuchal line curves laterally on each side, but 
the line is often poorly defined and difficult 
to see. The superior nuchal line curves later- 
ally on each side from the external occipital 
protuberance and separates the scalp area 
above from the area for the neck muscles (nu- 
chal area) below. 

The area below the inferior nuchal line 
gives insertion to the rectus capitis posterior 
minor muscle medially and the rectus capitis 
posterior major muscle laterally. The interval 
between the inferior and superior nuchal lines 
gives insertion medially for the semispinalis 
capitis and laterally for the superior oblique 
muscles. The medial part of the superior nu- 
chal line gives origin for the uppermost fibers 
of the trapezius, and laterally for the fibers 
of the sternocleidomastoid muscles. The 
splenius capitis also attaches here. 


Norma Frontalis 


The front of the skull (Figs. 8 and 9) is uneven 
in contour and exhibits a more-or-less oval out- 
line, being wider above. It is made up of 6 
regions: (1) frontal (forehead); (2) orbital; (3) 
nasal; (4) zygomatic; (5) maxillary (upper jaw); 
(6) mandibular (lower jaw). 


Frontal Region. The forehead, or frontal re- 
gion, is formed by the frontal bone. Superi- 
orly, it merges into the top of the skull; inferi- 
orly, it is limited by the orbits and the root 
cf the nose. The depression at the nasal root 
is called the nasion; it is found at the point 
in the median plane where the 2 nasal bones 
articulate with the frontal bone, and is oppo- 
site the anterior extremity of the brain. 
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Fig. 9. X-ray study of the front of the skull (pos- 
teroanterior projection): (1) parietal bone, (2) co- 
ronal suture, (3) frontal sinuses, (4) crista galli, (5) 


Directly above the orbital margins are 2 ele- 
vations, the superciliary arches. These give 
prominence to the eyebrows and are more 
elevated in the male. The elevation that exists 
between the superciliary arches (between the 
eyebrows) is called the glabella, so designated 
because the overlying skin is bald or glabrous. 

Behind the superciliary arch and in the an- 
terior part of the frontal bone a large air space 
is usually found; it is known as the frontal 
sinus. The frontal eminence is the most con- 
vex part of each frontal bone and is situated 
about 2 fingerbreadths above the lateral end 
of the superciliary arch. 

The supraorbital foramen or notch is lo- 
cated immediately above the upper border 


sphenoid bone and sinus, (6) zygoma, (7) lesser wing 
of sphenoid bone. 


of the orbital opening at the junction of its 
medial with its lateral two thirds. It transmits 
the nerve and the vessels of the same name. 
The supraorbital margin ends laterally in a 
prominent projection called the zygomatic 
process of the frontal bone; it articulates with 
the zygomatic bone. The zygomatic process 
is easily felt at the lateral end of the eyebrows 
and may be a serviceable landmark, since it 
marks a line that curves upward and backward 
from it and is known as the anterior part of 
the temporal line. In thin people this line can 
be both felt and seen. 


Orbital Region. Each orbit is a deep cavity 
which resembles an irregular cone and may 
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be likened to a pyramid having 4 walls, an 
apex and a base. The bones that form the or- 
bital pyramid are the maxillary, zygomatic, 
sphenoid, frontal, palatine, ethmoid and lacri- 
mal. The medial walls are parallel and sepa- 
rated by the nasal cavity; the lateral are at 
right angles to each other. The apex of the 
pyramid is marked by the optic foramen. 
Probes passed through these foramina meet 
at right angles near the dorsum sellae. The 
base of the pyramid is the opening on the 
face and the boundaries are the margins of 
the orbit. 

The roof, or superior wall, of the orbit is 
concave and is formed mainly by the orbital 
plate of the frontal bone and posteriorly by 
the lesser wing of the sphenoid. It separates 
the orbit from the sinus anteromedially and 
from the anterior cranial fossa elsewhere. The 
lacrimal gland occupies a fossa in the antero- 
lateral part of the roof. At the medial angle 
the trochlea is attached. This is a small fibro- 
cartilaginous ring through which the tendon 
of the superior oblique muscle passes. The 
point of attachment is usually marked by a 
small pit or spicule of bone called the troch- 
lear fossa or spine. 

The floor, or inferior wall, is formed by the 
orbital plate of the maxilla. This plate also 
forms the roof of the subjacent maxillary sinus. 
A great part of the floor is separated from 
the lateral wall posteriorly by the inferior or- 
bital fissure. The anterior end of this fissure 
is closed, but the posterior meets the medial 
end of the superior orbital fissure at the apex 
of the orbit. The inferior fissure transmits the 
maxillary nerve (which becomes the infraor- 
bital nerve), the infraorbital vessels, the zygo- 
matic nerve, nervous twigs from the spheno- 
palatine ganglion to the lacrimal gland, the 
periosteum of the orbit, and a vein connecting 
the ophthalmic veins with the pterygoid ve- 
nous plexus in the infratemporal fossa. The 
infraorbital groove leads forward on the floor 
for a short distance from the fissure and then 
tunnels through the floor to reach the infraor- 
bital foramen, which transmits the nerve and 
the vessels of the same name. 

The lateral wall is formed by the orbital 
process of the zygomatic bone and the orbital 
surface of the great wing of the sphenoid. Be- 


tween the lateral wall and the roof, near the 
apex of the orbit, the superior orbital fissure 
is found. Through this fissure the oculomotor, 
the trochlear, the ophthalmic division of the 
trigeminal and the abducens nerves enter the 
orbital cavity, accompanied by orbital 
branches of the middle meningeal artery. 
Passing backward through this fissure are the 
ophthalmic veins and the recurrent branch 
of the lacrimal artery which reach the dura 
mater. The superior orbital fissure separates 
the lateral orbital wall from the roof, and the 
inferior fissure separates this wall from the 
floor. Of the 4 walls, the lateral is the thickest 
and the only one that is not in close contact 
with the paranasal sinuses; resection of this 
wall gives safe access to the contents of the 
orbital cavity. 

The medial wall is very frail and is formed, 
from before backward, by the frontal process 
of the maxilla, the lacrimal bone, the orbital 
lamina (lamina papyracea) of the ethmoid and 
a small part of the body of the sphenoid in 
front of the optic foramen. This wall contains 
the lacrimal fossa, which lodges the lacrimal 
sac, the anterior ethmoidal foramen, which 
transmits the nasociliary nerve and the ante- 
rior ethmoidal vessels, and the posterior eth- 
moidal foramen, which accommodates the 
posterior ethmoidal nerve and vessels. The 
medial wall is in close contact with the sphe- 
noid sinus posteriorly and the ethmoid sinuses 
anteriorly, these sinuses separating the orbit 
from the cavity of the nose. The apex, which 
is situated at the back of the orbit, corresponds 
to the optic foramen. This short cylindrical 
canal transmits the optic nerve and the 
ophthalmic artery. The ophthalmic vein 
passes through the superior orbital fissure; 
hence, it does not travel with its artery. 

Injury or infection in the orbital cavity may 
travel in the following ways: superiorly, to the 
frontal sinus or the anterior cranial fossa, 
which contains the frontal lobe of the brain; 
inferiorly, to the maxillary sinus; medially, 
near the apex, to the sphenoid sinus; farther 
forward to the ethmoid sinuses, which sepa- 
rate the orbit from the cavity of the nose, and 
within the orbital margins to the floor of the 
fossa for the lacrimal sac; laterally, through 
the posterior part of the orbit to the middle 
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cranial fossa, which lodges the temporal lobe 
of the brain, and more anteriorly to the ante- 
rior part of the temporal fossa. 


Nasal Region. The bony part of the external 
nose is best seen from the norma frontalis. 
The nasal cavity itself is discussed elsewhere 
(p. 90). The osseous part of the nose is formed 
by the 2 nasal bones in the bridge of the nose 
and on each side by the frontal process of the 
maxilla, which lies behind the nasal bone. This 
part of the maxilla also forms the medial mar- 
gin of the orbital opening. The nasal cavity 
is divided by a thin median partition or sep- 
tum into right and left halves. The principal 
part of the septum seen through the anterior 
bony aperture is the perpendicular plate of 
the ethmoid that forms the upper part; it is 
usually bent to one side or the other. The side 
walls of the nasal cavity are uneven because 
of 3 rough, curled, bony plates called conchae, 
which project downward from each side wall. 
That portion of the cavity that lies below and 
lateral to each concha is called a meatus of 
the nose (superior, middle and inferior). The 
superior concha is too far back to be seen 
through the anterior aperture, but the middle 
and the inferior conchae and meatuses are 
visible (Fig. 69). 


Zygomatic and Maxillary Regions. These 
form the cheek bones and the upper jaw re- 
gions, respectively. The upper jaw region is 
situated between the orbits and the teeth. The 
anterior nasal spine is a sharp spur of bone 
which projects forward from the 2 maxillae 
at the lower margin of the anterior aperture 
of the nose. The maxilla ends inferiorly in the 
alveolar border, which has slight ridges mark- 
ing the roots of the anterior teeth, the most 
prominent of which are the canines. The ca- 
nine tooth is the 3rd, counting from the mid- 
dle in front (Fig. 8). 

Near the lower margin of the orbit and al- 
most immediately above the canine fossa is 
the infraorbital foramen, which transmits the 
infra-orbital vessels and nerve and is located 
about one fingerbreadth lateral to the side of 
the nose. The zygomaticofacial foramen ap- 
pears as a small opening on the zygomatic 
bone immediately below the lateral part of 
the lower margin of the orbit. It transmits the 


zygomaticofacial branch of the zygomatic 
nerve and a small branch of the lacrimal ar- 
tery. The large single air space found inside 
the maxilla is called the maxillary sinus (an- 
trum of Highmore); it communicates with the 
nasal cavity. This sinus is of considerable prac- 
tical importance and will be discussed else- 
where (p. 98). 


Mandibular Region. The mandible is the 
largest and strongest bone of the face and it 
contains the lower teeth. The bone develops 
in 2 symmetrical halves, which fuse early and 
ossify during the first year. It consists of a horse- 
shoe-shaped body and a pair of flat, broad 
rami that stand up from the posterior part 
of the body. Two processes project upward 
from the upper border of each ramus: an ante- 
rior called the coronoid process, and a poste- 
rior designated as the condyloid process, 
which is divided into a head and a neck (Figs. 
8 and 10). 

The external surface of the body of the bone 
is marked in the median line by a faint ridge, 
the symphysis menti, or line of junction of 
the 2 embryologic pieces of bone. The ridge 
divides below and encloses a triangular emi- 
nence known as the mental protuberance, the 
base of which is depressed in the center but 
raised on either side to form the mental tuber- 
cles. In the region of the protuberance the 
bone is bent forward to form the chin. The 
alveolar is the upper border, so called because 
it is occupied by a row of pits or alveoli, 16 
in number, which form the sockets for teeth. 
The lower border is the base of the mandible. 
It is smooth and rounded. The mental fora- 
men, which transmits the mental vessels and 
nerves, is found about 1 inch from the sym- 
physis and midway between the upper and 
the lower borders. 

The internal surface of the body of the man- 
dible is concave from side to side and contains 
the mylohyoid line, which gives origin to the 
mylohyoid muscle. The angle of the mandible 
is that point at which the posterior border 
of the ramus joins the lower border of the 
body. It is subcutaneous and is easily felt 2 
or 3 fingerbreadths below the lobule of the 
ear. The thin, sharp coronoid process gives 
attachment along its edges and on its deep 
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Fig. 10. Side view of the skull (norma lateralis). 
This part of the skull is formed by 5 bones: frontal, 


surface to the temporalis muscle; the more 
posteriorly situated condyloid process articu- 
lates with the articular fossa on the infratem- 
poral surface of the squamous temporal. Artic- 
ular cartilage covers its superior and anterior 
aspects but not the posterior. The lateral as- 
pect of the condyloid process is covered by 
the parotid gland, which is situated immedi- 
ately in front of the tragus. When a finger is 
placed in front of the tragus, and when the 
mouth is alternately opened and closed, the 
movements of the condyloid process can be 
felt. The notch, situated between the coronoid 
and the condyloid processes, is known as the 
mandibular notch; it transmits the nerve and 
the vessels to the masseter muscle. 

About the center of the medial surface of 
the ramus of the mandible the mandibular 
foramen is found. It leads into a canal which 
passes downward and forward in the sub- 
stance of the bone and carries the inferior al- 
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veolar vessels and nerve to the teeth. A spur 
of bone, known as the lingula, usually over- 
laps this foramen. The mylohyoid groove, 
lodging the mylohyoid nerve and artery, com- 
mences behind the lingula and runs for about 
l inch obliquely downward and forward on 
the ramus. 


Norma Lateralis 


(Figs. 10, 11 and 12). Some anatomy textbooks 
prefer to discuss a superior and an infratempo- 
ral line, but these markings are so indistinct 
that the term “temporal line” is sufficient for 
surgical considerations. This line starts at the 
zygomatic process of the frontal bone, curves 
upward and backward and is easily felt on the 
living subject in its anterior and upper parts. 
Posteriorly, it curves downward and forward 
into the supramastoid crest. It gives attach- 
ment to the epicranial aponeurosis, the tem- 
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Fig. 11. Temporal and infratemporal region viewed from below. 





Fig. 12. X-ray study of the skull (lateral projection): suture, (9) middle meningeal channel (artery), (10) 
(1) frontal sinus, (2) superior orbital plate, (3) orbit, mastoid, (11) maxillary sinus, (12) odontoid process 
(4) sphenoid sinus, (5) sella turcica, (6) lambdoid of axis, (13) atlas. 

suture, (7) internal occipital tuberosity, (8) coronal 
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poral fascia and the uppermost fibers of the 
temporalis muscle. The pterion is that region 
where the frontal, the great wing of the sphe- 
noid, the parietal and the temporal bones 
meet. A point on the pterion about 4 cm. 
above the zygoma and 2.5 cm. behind the 
frontal process of the zygomatic bone overlies 
the anterior division of the middle meningeal 
artery. 

The infratemporal crest on the great wing 
of the sphenoid is a horizontal anteroposterior 
ridge which separates the temporal fossa 
above from the infratemporal fossa below. 
The temporal fossa is a wide space outlined 
by the temporal line and the zygomatic arch; 
it contains the temporalis muscle, its vessels 
and nerves and the zygomaticotemporal 
nerve. This is the thinnest and weakest region 
of the skull. Since the middle meningeal ar- 
tery passes through here, many cases of frac- 
tures associated with injury to the vessel are 
common. The importance of and the ap- 
proach to this region are discussed in a subse- 
quent section (p. 24). 

The infratemporal fossa is a wide space be- 
hind the maxilla, below the infratemporal 
crest and lateral to the pterygoid plates. It 
communicates with the temporal fossa 
through the gap which exists between the zy- 
goma and the rest of the skull. The gap is 
traversed by the temporalis muscle as it de- 
scends to its insertion. The fossa contains the 
pterygoid muscles, the internal maxillary ar- 
tery and its middle meningeal branch, the 
mandibular nerve and its branches, the 
chorda tympani nerve and the pterygoid ve- 
nous plexus. 

Two fissures are present in the depth of the 
fossa: the infraorbital fissure, which lies hori- 
zontally and connects the infratemporal fossa 
with the orbit; and the pterygomaxillary fis- 
sure, which is placed vertically and transmits 
the terminal part of the maxillary artery. The 
pterygomaxillary fissure leads medially into 
the pterygopalatine fossa. 

The zygomatic arch is quite evident and 
can be felt running from the prominence of 
the cheek to the tragus. It is formed by the 
zygomatic process of the temporal and the 
temporal process of the zygomatic bone. The 
tendon of the temporalis passes medial to the 
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arch to gain insertion into the coronoid pro- 
cess of the mandible. The upper border of 
the arch gives attachment to the temporal fas- 
cia, and the lower border and medial surface 
give origin to the masseter muscle. The poste- 
rior root of the process is continued backward 
above the external auditory meatus as the su- 
pramastoid crest. Below the posterior root of 
the arch is an elliptical orifice known as the 
external auditory meatus, which is bounded 
in front, below and behind by the tympanic 
part of the temporal bone. 

Lateral to this and not seen in the dried 
skull, the cartilaginous segment of the exter- 
nal auditory meatus is attached. The bony 
meatus is barely wide enough to admit an or- 
dinary pencil. It passes in a medial direction 
and slightly forward and opens into the mid- 
dle ear in an oblique manner so that the tym- 
panic membrane, which closes the opening, 
looks downward and forward as well as in a 
lateral direction. The outer orifice is also ob- 
lique, the upper margin overhanging the 
lower. The medial end of the meatus is closed 
during life by a tense vibrating membrane, 
called the tympanic membrane, which sepa- 
rates the meatus from the tympanic cavity 
(middle ear). 

Between the posterosuperior part of the 
meatus and the posterior root of the zygo- 
matic arch the cymba conchae (suprameatal 
triangle Macewen) is found. It lies immedi- 
ately behind the upper part of the external 
meatus and, although small and often incon- 
spicuous, it is important because the tympanic 
antrum lies about % inch medial to it. The 
antrum is a cavity in the temporal bone which 
is surgically important in diseases of the mas- 
toid process. This process can be palpated un- 
der cover of the lobule of the auricle. It is 
absent at birth and does not begin to appear 
until the 2nd year of life. A line drawn from 
one mastoid to the other passes immediately 
below the foramen magnum. 


Norma Occipitalis 


The back of the skull (Fig. 7) is horseshoe- 
shaped and extends from the tip of one mas- 
toid process, over the vault, to the tip of the 
other. The bones that take part in its forma- 
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tion are parts of the 2 parietals, the occipital 
and the mastoid portion of the temporal, with 
its mastoid process. Some parts have already 
been seen from the norma verticalis, namely, 
the parietal eminences, the posterior part of 
the sagittal suture, the parietal foramina, the 
lambda and the lambdoid suture. 

The occipitomastoid suture descends be- 
tween the occipital bone and the mastoid tem- 
poral. The mastoid foramen is seen on or near 
this suture and transmits an emissary vein 
which connects the veins on the outside of 
the skull with the sigmoid venous sinus. 

The external occipital protuberance (inion) 
is usually well marked in the median plane 
at the lower part of the back of the skull. It 
can be felt in the living person immediately 
above the nape of the neck and acts as a useful 
guide. 

The superior nuchal line is the curved ridge 
that arches laterally to either side of the protu- 
berance. This protuberance, together with the 
right and the left superior nuchal lines, marks 
the division between the back of the head 
and the back of the neck. 

The lambda is the point of junction be- 
tween the sagittal and the lambdoid sutures; 
it marks the position of the posterior fonta- 
nelle in the fetal skull. 


Interior of the Skull 


Skull Cap 


The inner aspect of the skull has a top part 
or skull cap and a floor or base (Fig. 13). The 
skull cap is concave and presents depressions 
for the convolutions of the cerebrum and 
many furrows for the branches of the menin- 
geal vessels. Along the midline is a longitudi- 
nal groove, narrow in front at the frontal crest, 
where it begins, but broader behind. This 
lodges the superior sagittal sinus, and its mar- 
gins afford attachments for the falx cerebri. 
Bordering the sagittal groove, granular pits 
are seen which increase with age and occa- 
sionally are of sufficient depth to pass through 
the diploé to the outer table. They lodge and 
are eroded by the arachnoid granulations. In 


addition there are numbers of minute nu- 
trient foramina. 


Base of the Skull and the Cranial 
Fossae 


The base of the skull on its inner surface shows 
a natural subdivision into 3 cranial fossae: an- 
terior, middle and posterior. Since the ante- 
rior fossa is on a higher plane than the middle, 
and the middle is higher than the posterior, 
there is a natural tendency toward the forma- 
tion of 3 terraces. 

The anterior cranial fossa is limited posteri- 
orly by the posterior edges of the lesser wings 
of the sphenoid and in the median part by 
the anterior edge of the optic groove of the 
sphenoid. It lodges the frontal lobes of the 
brain and the olfactory bulbs and tracts. The 
floor of the fossa is depressed in its median 
part, where it constitutes the roof of the nasal 
cavity. The median part is formed by the crib- 
riform plate of the ethmoid bone, through 
which the crista galli, or cock’s comb, rises. 
It is an upward continuation of the nasal sep- 
tum and gives attachment to the anterior end 
of the falx cerebri. 

The foramen caecum is a small pit found 
directly in front of the crista. In early life the 
superior longitudinal sinus communicates 
with the veins of the nose through this fora- 
men, but in the adult it is usually closed, hence 
its name—cecum (blind). The cribriform plate 
is perforated like a sieve by numerous olfac- 
tory nerves, which are clothed in an arachnoid 
sheath and arise from the olfactory cells in 
the nasal mucosa. 

At the side of the cribriform plate the ante- 
rior and the posterior ethmoidal foramina are 
found. They mark the medial ends of two 
short canals that lead from the orbital cavity 
and open at the side of the cribriform plate; 
they transmit the anterior and the posterior 
ethmoidal arteries and the anterior ethmoidal 
nerve. The anterior ethmoidal artery and 
nerve, after passing through the foramina, run 
on the cribriform plate and then descend into 
the nose through the nasal slit which is found 
at the side of the front of the crista galli. Antero- 
lateral to the median area, the roof of the 
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Fig. 13. The upper surface of the base of the skull. The anterior fossa is on a higher plane than the 
middle fossa, and the middle is higher than the posterior; in this way three terraces are formed. 


frontal sinus and the roof of the orbit are 
found. 

Fractures of the anterior fossa may involve 
the cribriform plate and be accompanied by 
lacerations of the meninges and the mucous 
membrane of the roof of the nose. Such an 
injury gives rise to epistaxis, accompanied or 
followed by a discharge of cerebrospinal fluid. 
There may result some loss of smell due to 
laceration of the olfactory nerves as they pass 
upward from the nose and, if dural injury is 
present, it affords a route whereby infection 
can travel to the intracranial region from the 
nose. Meningitis or abscess in the frontal lobe 
may be a sequela of this type of fracture. If 
the cribriform plate does not heal after frac- 
ture and if a dural laceration remains unre- 
paired, there may be a continuous discharge 


of cerebrospinal fluid from the nose, known 
as cerebrospinal rhinorrhea. When the frac- 
ture involves the orbital plate of the frontal 
bone, subconjunctival hemorrhage is a charac- 
teristic feature, and the hemorrhage may seep 
within the orbit, producing an exophthalmos. 
The frontal sinus may also be involved. 

The middle cranial fossa is shaped like a 
butterfly, having a small median and two lat- 
eral expanded concave parts. The median part 
is formed by the upper surface of the body 
of the sphenoid. The sella turcica is the sad- 
dle-shaped area that accommodates the pitu- 
itary gland. Anteriorly, the ridge is known as 
the tuberculum sellae; on either side of which 
is an anterior clinoid process. Immediately an- 
terior to this process the optic foramen is situ- 
ated at the end of the optic groove. The poste- 
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rior part of the sella turcica is formed by the 
crest of the dorsum sellae, ending laterally in 
the posterior clinoid process (Fig. 13). 

The lateral part of the floor of the middle 
cranial fossa is formed by the greater wing 
of the sphenoid, the upper aspect of the pe- 
trous part of the temporal and a portion of 
the squamous part of the temporal bone. 
These lateral parts lodge the temporal lobes 
of the brain. The superior orbital fissure trans- 
mits to the orbital cavity the oculomotor, the 
trochlear, the ophthalmic division of the tri- 
geminal and the abducens nerves, some fila- 
ments from the cavernous plexus of the sym- 
pathetic system and the orbital branch of the 
middle meningeal artery. From the orbital 
cavity this fissure also transmits the oph- 
thalmic veins and a recurrent branch of the 
lacrimal artery to the dura mater. 

On either side of the sella is the carotid 
groove for the internal carotid artery. Three 
foramina run almost parallel with this groove. 
These are, from anterior to posterior and from 
medial to lateral: the foramen rotundum for 
the passage of the maxillary nerve, the fora- 
men ovale for the mandibular nerve, the ac- 
cessory meningeal artery and the lesser petro- 
sal nerve, and the foramen spinosum for the 
passage of the middle meningeal vessels and 
a recurrent branch of the mandibular nerve. 

Medial to the foramen ovale is the foramen 
lacerum, a short, wide canal rather than a fo- 
ramen, its lower part being filled by a layer 
of fibrocartilage. Its upper and inner parts 
transmit the internal carotid artery, which is 
surrounded by a plexus of sympathetic nerves. 
The petrous portion of the temporal bone 
forms a large and important part of the floor 
of the fossa. The highest part of this bone is 
known as the arcuate eminence and marks 
the position of the superior semicircular canal. 
Lateral to the eminence and immediately ad- 
joining the squamous portion of the bone, the 
tegmen tympani is found. This is a very thin 
plate of bone which roofs the tympanic an- 
trum, the tympanic cavity and the auditory 
tube. The important relationship of the thin 
tegmen tympani intervening between the in- 
ferior surface of the temporal lobe of the brain 
and the tympanic cavity cannot be overem- 
phasized. This bone is the only barrier which 


exists between a diseased middle ear and the 
membranes of the brain or the brain itself. 

The hiatus for the greater superficial petro- 
sal nerve is a small slit seen lower down on 
the anterior surface and about midway be- 
tween the apex of the petrous temporal and 
the side of the skull. It communicates with 
the facial canal in the interior of the bone 
and transmits a slender nerve from which it 
takes its name. This nerve has its origin from 
the facial in the substance of the temporal 
bone and runs in a medial direction forward 
to the foramen lacerum. The trigeminal im- 
pression is found at the upper aspect of the 
apex of the petrous temporal and is repre- 
sented by a slightly hollowed-out area. In it 
is lodged the trigeminal ganglion, which ex- 
tends forward over the upper and the lateral 
parts of the foramen lacerum. 

The middle fossa is the commonest site of 
fracture of the skull because of its position 
and because it is weakened by numerous fora- 
mina and canals. Frequently, the tegmen tym- 
pani is fractured, and the tympanic mem- 
brane torn. Then blood and cerebrospinal 
fluid are discharged from the external audi- 
tory meatus and appear at the ear. The facial 
and the auditory nerves may be involved. At 
times the walls of the cavernous sinus are 
lacerated, and cranial nerves 3, 4 and 6, which 
lie in relation to its lateral wall, may also be 
injured. Fractures involving the middle cra- 
nial fossa may also pass through the sphenoid 
bone or the base of the occipital bone and 
cause bleeding into the mouth. 

The posterior cranial fossa is the largest and 
deepest of the cranial fossae and lodges the 
hind brain (cerebellum, pons and medulla ob- 
longata). Its floor is formed by the basilar, the 
condylar and the squamous parts of the occipi- 
tal bone; its lateral wall, by the posterior sur- 
face of the petrous and the medial surface 
of the mastoid part of the temporal bone. 

The foramen magnum is the most promi- 
nent feature of the fossa. At the anterolateral 
boundary of the foramen the anterior condy- 
lar canal is found which transmits the hypo- 
glossal nerve. This nerve arises by several 
roots of origin, and the canal is frequently di- 
vided into two parts by a small bar of bone. 
The foramen magnum transmits a number of 
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structures, the most important being the me- 
dulla oblongata, the meninges, the vertebral 
arteries and the ascending parts of the acces- 
sory nerves. This foramen marks the lowest 
part of the posterior cranial fossa. The clivus 
is the broad, sloping surface that exists be- 
tween the anterior margin of the foramen 
magnum and the root of the dorsum sellae; 
it is related to the pons and the medulla oblon- 
gata. The internal auditory meatus is found 
at the posterior aspect of the petrous temporal 
and runs laterally into the bone. Through it 
pass the motor and the sensory roots of the 
facial nerve, the auditory nerve, the internal 
auditory branch of the basilar artery and the 
auditory vein which joins the inferior petrosal 
sinus. 

The jugular foramen is situated between 
the lateral part of the occipital and the petrous 
part of the temporal bone. It is a large aper- 
ture with irregular margins and transmits 
three sets of structures. At times small spicules 
of bone project from its margin and may di- 
vide it partly or completely into correspond- 
ing compartments. The anteromedial com- 
partment transmits the inferior petrosal sinus 
and a meningeal branch of the ascending 
pharyngeal artery. The middle compartment 
transmits the glossopharyngeal, the vagus and 
accessory nerves. The posterolateral compart- 
ment is larger than the other two and trans- 
mits the sigmoid sinus as it becomes the inter- 
nal jugular vein, and a meningeal branch of 
the occipital artery. The inferior petrosal si- 
nus, which passes through the anterior part 
of the foramen, becomes the internal jugular 
vein immediately outside of the skull. The 
transverse groove begins at the side of the in- 
ternal occipital protuberance and sweeps 
around the cranial vault to the lateral end of 
the upper margin of the petrous temporal. 
It then joins the sigmoid groove, which curves 
downward and descends along the side wall 
of the skull and extends in a medial direction 
to end at the jugular foramen. The right tran- 
sverse groove is wider than the left because 
it usually receives the sagittal sinus. 

The mastoid foramen is an aperture of vari- 
able size which leads from the exterior of the 
skull into the sigmoid groove on the side wall 
of the posterior cranial fossa. Through it a mas- 


toid vein and the mastoid emissary vein and 
the mastoid branch of the occipital artery pass. 
The aqueduct of the vestibule (aqueductus 
vestibuli) is found about % inch lateral to the 
internal auditory meatus. 

Fractures of the posterior fossa are probably 
more important than such injuries in the other 
fossae, since it is here that a small fissure frac- 
ture may prove to be fatal. The bone is thin 
in places and, since there is no outlet for the 
escape of blood or cerebrospinal fluid as in 
the anterior and the middle fossae, these frac- 
tures may be overlooked. Some days after the 
injury, blood may be noted over the mastoid 
process. Fractures of the base of the skull in- 
volving the hypoglossal canal may be mani- 
fested by paralysis of one side of the tongue. 


Surgical Considerations 


Trephining Operations 


Two methods are usually employed to expose 
the brain: trephining and osteoplastic resec- 
tion (Fig. 14). 


In Trephining Operations. A circular disk of 
a cranial bone is removed by use of a trephine. 
The main indications for such operations are 
hemorrhage, abscess, fracture, evacuation of 
cerebrospinal fluid, or as a preliminary step 
to further brain surgery. A U-shaped or linear 
incision is made. If the former is used, its con- 
vexity is placed toward the crown of the head 
and the pedicle toward the base. The size of 
the flap is much larger than the bone which 
is to be removed. The incision passes through 
the skin, the superficial fascia, the muscle and 
the periosteum to the bone, and hemostasis 
is accomplished as the operation proceeds. 
With the trephine site cleared, a piece of bone 
is removed and, if a larger opening is needed, 
it may be obtained by removing pieces of bone 
from the circumference with a rongeur for- 
ceps. The dura is exposed and can be opened, 
but any large dural vessels should be ligated 
first. The necessary operative procedure is 
carried out, and the dural flap is sutured back 
into its normal position. The bone may or may 
not be replaced, and the wound is closed in 
layers. 
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Transfrontal O ste opl astic craniotomy 


Fig. 14. The two methods used to expose the brain, 
its coverings and vessels. 

Trephine operation: (A) skin flap formed, turned 
down and trephine in place; (B) removal of tre- 
phined “button” of bone; (C) incision into dura ma- 
ter; (D) dural flap formed and reflected; (E) closure 
of dura. 





Osteoplastic craniotomy: (1) soft tissues incised, 
bone exposed and trephine openings made; cranio- 
tome divides the bone; (2) bone is fractured at the 
base of the flap; (3) dura is divided and underlying 
structures exposed; (4) dural closure. 


23 


24 Head: Skull 


Osteoplastic Craniotomy 


Osteoplastic craniotomy implies the raising of 
a portion of skull which may be replaced when 
the operation is completed. Lateral, frontal, 
transfrontal, occipital and suboccipital osteo- 
plastic flaps have been described, depending 
upon the area to be operated (Fig. 14). The 
incision passes through all the soft tissues 
down to the bone. Vessels are clamped and 
ligated, and the periosteum is detached for 
a short distance along the line of the contem- 
plated bone incision. Openings are made 
along the bone margins by means of a drill, 
a burr or a small trephine, and the bone that 
intervenes is divided by a saw or rongeur for- 
ceps. The base of the pedicle is steadied, usu- 
ally with the left hand. The upper portion of 
the flap is grasped with a cranial claw forceps, 
and with a quick jerk the bone is fractured. 
The flap thus created is turned back, and the 
dura is opened by means of a similar but 
smaller flap. The necessary operative proce- 
dure is carried out, the dura is closed by fine 
interrupted sutures, and the bone flap with 
its attached soft parts is replaced and sutured 
into position. 


Subtemporal Decompression 


A subtemporal decompression (Fig. 15) is re- 
ally a craniectomy, which implies the removal 
of a portion of the skull, leaving a permanent 
gap. Such a procedure is necessary in about 
10 percent of all cases of severe head injuries 
where it is desired to give the brain room for 
expansion. The permanent bone defect should 
be covered over, if possible, by muscle so that 
a herniation of the brain does not result. Since 
the temporal muscle is conveniently situated, 
the decompression is usually made subjacent 
to it, hence the name “subtemporal decom- 
pression.” 

In this operation the skin incision, begin- 
ning at the zygoma, is placed three fifths of 
an inch in front of the tragus and extends up- 
ward and slightly backward for about 4 inches. 
The temporal fascia and muscle are incised 
to the bone in line with the scalp incision, 
the muscles and the fascia are retracted, and 


a piece of temporal bone a little over 2 inches 
in diameter is removed. The middle menin- 
geal artery may cause troublesome bleeding 
(p. 39). The dura is palpated to determine the 
degree of tension; if it is high, the dura should 
be opened. However, some surgeons prefer 
to reduce the tension first by ventricular punc- 
ture. Sutures are placed in the muscle before 
the dura is opened but are not tied and may 
be brought together quickly to prevent rup- 
ture of the cerebral cortex. A fine hook is 
placed in an avascular dural area, which is 
incised. The dural opening may be enlarged 
by incising on a grooved director. If the ten- 
sion is high, the brain protrudes with great 
force, and care must be taken to prevent a 
cortical rupture. As soon as the dura has been 
incised adequately, the muscles are brought 
together, followed by closure of the fascia and 
the skin. 


Intracranial Hemorrhage 


A line (Fig. 16) known as the eye-ear line, 
or Reid’s base line, is utilized in cranial topog- 
raphy. It extends from the lower margin of 
the orbit to the upper border of the external 
auditory meatus. Some anatomists prefer to 
refer to a horizontal plane known as the 
Frankfurt plane for such orientation. 


Extradural Hemorrhage. Extradural hemor- 
rhage is usually caused by an injury to the 
middle meningeal artery or one of its 
branches. This vessel arises from the internal 
maxillary artery and enters the cranium via 
the foramen spinosum. It passes upward and 
forward for a short distance over the great 
wing of the sphenoid and soon divides into 
anterior and posterior branches, which ramify 
upon the dura and supply the greater part 
of its lateral and superior surfaces. The ante- 
rior branch, which is the larger, continues 
obliquely forward over the great wing to the 
antero-inferior angle of the parietal bone, in 
which it forms a deep groove. It ascends in 
this groove behind the anterior margin of that 
bone almost as far as the sagittal suture. The 
posterior branch passes upward and backward 
over the squamous portion of the temporal 
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Fig. 15. Subtemporal decompression: (A) Line of 
incision and amount of bone to be removed; the 
incision is placed about three fifths of an inch in 
front of the tragus and extends upward and slightly 
backward for about 4 inches; (B) temporal muscle 
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and fascia are incised, exposing temporal bone; (C) 
part of the temporal bone has been removed, and 
the dural hook has been placed; (D) dural opening 
enlarged on a grooved director; (E) and (F) are 
selfexplanatory. 
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Fig. 16. Extradural hemorrhage: (A) cranial topog- 
raphy, location of the anterior and posterior 
branches of the middle meningeal artery; (B) inci- 


bone. The artery is accompanied by its two 
venae comites. The anterior branch is found 
readily through an opening which is made 1% 
inches behind the external angular process of 
the frontal bone and a similar distance above 





\, Ant.and post 
A br of middle 
aa \ meningeal 
, artery 
Mid meatal 
J point 


| Base line 


el 





- Bone rongeured away 





-Middle meningeal artery 


sion for ligation of the middle meningeal artery; 
(C) extradural hematoma located and vessel 
clamped. 


the upper border of the zygoma (Fig. 16A). 
This is the branch that is damaged most fre- 
quently and, since it is closely related to the 
motor area of the cortex, injury to it might 
produce a loss of power in the muscles of the 
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opposite side of the body. The posterior 
branch can be reached through a trephine 
hole 1 inch above the external auditory me- 
atus (the midmeatal point). In ligating the 
middle meningeal artery, either a vertical or 
a horseshoe-shaped incision (Fig. 16) can be 
used. The skin incision should be continued 
vertically downward toward the zygoma, and 
the temporal muscle is divided. Only when 
the bone opening is sufficiently large should 
the clot be removed; this usually requires an 
opening of about 2 inches in diameter. The 
bleeding vessel is located and ligated by pass- 
ing a needle about it, clamping with a Cushing 


clip or coagulating with an electrosurgical 
needle. The muscle, the fascia and the skin 
are closed with fine sutures. Drainage is not 
indicated in these cases. 


Subdural Hemorrhage. When subdural hem- 
orrhage is present, it might become necessary 
to explore through a trephine opening to lo- 
cate the point of hemorrhage. After the skull 
has been opened, the dura is tense and plum 
colored, signifying extravasated blood be- 
neath it. The exploratory trephine hole is en- 
larged, the dura is opened, and necessary he- 
mostatic measures are carried out. 


SECTION 1 HEAD 


Chapter 3 


Brain 


Embryology 


In the early embryo a primitive neural groove 
extending along the dorsal surface is con- 
verted into a tube by the elevation and the 
fusion of the neural folds. The cranial end of 
the neural tube forms the brain; it expands 
and constricts to form a series of three com- 
municating sacs which are the primary brain 
vesicles known as the forebrain (prosen- 
cephalon), the midbrain (mesencephalon) and 
the hindbrain (rhombencephalon), the last be- 
ing continuous with the spinal medulla. The 
cavity of the tube thus formed subsequently 
becomes the ventricular system and the cen- 
tral canal of the spinal cord, and the walls 
of the tube become the nerve elements of 
the brain and the spinal cord. The forebrain 
becomes the cerebral hemispheres and the 
optic vesicles; the midbrain develops into the 
brain stem connecting the cerebrum with the 
pons and the cerebellum, and the hindbrain 
forms the cerebellum, the pons and the me- 
dulla oblongata. 


Brain Proper 


The average weight of the human brain in 
the adult male is approximately 1,380 grams; 
of the female, approximately 1,250 grams. In- 
creasing rapidly during the first 4 years of life, 
the brain reaches its maximum weight about 
the 20th year and decreases slowly as age 
progresses. 
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When inspected from above, the only parts 
visible are the cerebral hemispheres. The 
longitudinal fissure separates the 2 hemi- 
spheres, except in its central part where the 
corpus callosum forms its floor. The fissure 
contains the falx cerebri, which projects into 
it from the cranial vault. The surfaces of the 
cerebral hemispheres are interrupted by 
many sulci (fissures) that separate the various 
convolutions (gyri) from one another. The 
sulci are produced by infolding of the cerebral 
cortex, in this way increasing the amount of 
cortical substance without increase in the sur- 
face of the hemispheres. Various convolutions 
are associated with various functions, and the 
different functional areas show structural dif- 
ferences in their cortex (Fig. 17). 


Cerebral Hemispheres and Lobes 


These hemispheres (Fig. 18) occupy the ante- 
rior and the middle cranial fossae, and each 
is composed of 5 lobes: frontal, parietal, tem- 
poral, occipital and central (island of Reil, in- 
sula). The falx cerebri, which separates the 
cerebral hemispheres, is a fold of dura mater 
that projects downward from the vault of the 
skull. The hemispheres are separated from the 
cerebellum by another fold of dura mater 
called the tentorium cerebelli (Fig. 23). 


Frontal Lobe. The frontal lobe on the lateral 
surface is bounded posteriorly by the central 
sulcus (fissure of Rolando). This sulcus is im- 
portant because the convolution in front of 
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Fig. 17. Functional localizations of the cerebral cortex. 


it contains the higher centers for control of 
movements of the opposite side of the body. 
It is easily identified because it is the only sul- 
cus of any length that lies between two paral- 
lel and almost vertical convolutions. Its upper 
end cuts the superomedial border of the hemi- 
sphere, and its lower end is separated from 
the posterior ramus of the lateral sulcus by 
a bridge of cortex. 

Inferiorly the lateral cerebral sulcus (fissure 
of Sylvius) separates the frontal from the tem- 
poral lobe. It passes upward and backward, 
and its posterior end bends upward into the 
parietal lobe. 

On the superolateral surface of the frontal 


lobe the precentral gyrus is bounded by the 
central sulcus, around the lower end of which 
it joins the postcentral gyrus; in front it is 
bounded by the precentral sulcus, containing 
the higher centers that control the move- 
ments of the opposite side of the body. It 
should be noted that in the cortex the body 
is represented in the inverted position, hence, 
the centers for the lower limbs occupy the 
uppermost part of the convolution. Below the 
lower limb come the trunk, the upper limb, 
the neck and finally the head. Corresponding 
muscles of opposite sides of the body are con- 
nected with the cortex of both cerebral hemi- 
spheres; an example of this is the movements 


30 


ntral sulcus 


Ce 
inci Lily (Rolandi) 
FPostcent sulcus ` 

Sup.parietal lobule ° 
Intraparietal sulcus ^`, 

Inf parietallobule ` 
(ant;mid. and _ gf 
post parts) y- 
Arcus parieto- D 

occipitali i f 
Parieto-occipi- K 

issure f 


tal f 
ry 


‘Trans occipital, 
Latoccipital $ 
t 


sulcus 
sulcus a 
gyrus 
Ant. occipital , 
Sulcus 
Sup temporal mri : 
Suptemporalsulecus /"™ 
Middle temporal gyrus 
Middle temporal suleus 













Inf.ternporal gyrus 


l 


Head: Brain 


S Drecentrel gyrus 
4 Prece ntral sulcus 
sup frontal gyrus 
Sup frontal sulcus 
Mm Mid frontal, 














` ‘ SA Inf frontal 
sy gin srk phe 
-A a- EEE 
Pii şb- tria T 
LI s orpart 
Nees Lat cere- 


Ant.ascending br ipral sulcus 
‘Post.b (Sylvii) 


Fig. 18. Lateral surface of the right cerebral hemisphere, viewed from the side. 


of both eyes. Therefore, it is understood that 
such movements are not affected by unilateral 
lesions of the internal capsule. Movements 
and not individual muscles are represented 
in the cortex. The superior and inferior fron- 
tal sulci run forward from the precentral sul- 
cus and divide this area into superior, middle 
and inferior gyri. The inferior frontal gyrus 
reveals the anterior horizontal and the as- 
cending rami of the lateral sulcus. The corti- 
cal area associated with these two limbs is 
known as Broca’s area and is associated with 
the function of speech. This area consists of 
an orbita: part below the horizontal ramus, 
a triangular part between the two rami, and 
a posterior part behind the ascending ramus 
that is directly continuous with the cortex at 
the lower end of the precentral gyrus. In right- 
handed people the left side of this region is 
better developed. 


Parietal Lobe. The parietal lobe is limited in 
front by the central sulcus, behind by the arti- 
ficial boundary of the occipital lobe and the 
lateral parietooccipital sulcus, above by the 
superomedial border and below by the poste- 
rior horizontal limb of the lateral cerebral fis- 


sure and its backward prolongation. These 
boundaries are somewhat artificial and not en- 
tirely definite. 

The postcentral sulcus lies parallel with and 
a little behind the central sulcus; the postcen- 
tral gyrus, containing the sensory projection 
centers, is placed between them. A tumor in- 
volving this area produces diminution in vari- 
ous sensations, and the patient loses his ability 
to localize a painful stimulus or to be certain 
of its intensity; he may have diffculty deter- 
mining the weight, the size and the texture 
of various objects and materials. 

From the postcentral sulcus the intrapari- 
etal sulcus passes directly backward and in this 
way demarcates a superior parietal lobule 
from an inferior. Lesions of the inferior pari- 
etal lobule produce the interesting sign of as- 
terognosis (inability to correlate and interpret 
various sensory impressions). This lobule is di- 
vided from below by 3 upturned ends: the 
posterior ramus of the lateral sulcus, and the 
superior and middle temporal sulci. As a result 
of this the ends of these sulci are capped by 
arched gyri which are called the anterior, the 
middle and the posterior parts of the inferior 
parietal lobule (supramarginal, angular and 
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postparietal gyri). The postparietal gyrus is not 
always as evident as the other two. Word- 
blindness, the inability to understand written 
words, is a characteristic finding associated 
with a lesion of the angular gyrus of the left 
side in right-handed individuals. Lesions of 
the upper parietal lobe are associated with 
inability to recognize the form or nature of 
objects. Some authorities prefer not to include 
the postcentral gyrus in the parietal lobe. With 
lesions of this gyrus the patient loses his ability 
to localize a painful stimulus or to measure 
its intensity. If this area is irritated, there may 
be numbness, needle-and-pin sensation or 
“shocks of electricity” in his extremities. At 
times such sensory attacks are initiating symp- 
toms of the Jacksonian type of motor convul- 
sions. Optic radiations pass through a portion 
of the parietal lobe on their way to the visual 
center; hence, a deeply placed tumor may 
produce a contralateral homonymous visual 
field defect (half-blindness of the correspond- 
ing sides of both retinae). 


Temporal Lobe. The temporal lobe is 
bounded above by the posterior horizontal 
limb of the lateral cerebral sulcus. Where this 
fissure turns up, the line of the posterior limb 
must be continued backward until it cuts the 
arbitrary line marking off the front of the oc- 
cipital lobe. Posteriorly, this line separates the 
temporal from the occipital lobe. The tempo- 
ral lobe has three gyri (superior, middle and 
inferior), which are separated from each other 
by two sulci (superior and inferior temporal 
sulci). The superior temporal sulcus runs par- 
allel with the posterior ramus of the lateral 
sulcus, and its posterior end turns upward and 
into the parietal lobe, where it is surrounded 
by the angular gyrus (inferior parietal lobule). 
The superior temporal gyrus lying immedi- 
ately above the same-named sulcus contains 
the higher auditory centers. Since the tempo- 
ral lobes occupy the middle fossa of the skull, 
they are susceptible to injury in basal frac- 
tures. Lesions involving the superior temporal 
gyrus may also be associated with an inability 
to understand the spoken word (word-deaf- 
ness). The middle temporal gyrus lies below 
the superior temporal sulcus and is bounded 


inferiorly by the middle temporal sulcus, 
which is usually interrupted. 


Occipital Lobe. The occipital lobe is arbi- 
trarily marked off by drawing a line down- 
ward and a little forward from the parietooc- 
cipital fissure to the inferolateral border of the 
hemisphere. The surface of the lobe is quite 
variable. The transverse and lateral occipital 
sulci divide this lobe into the superior, the 
middle and the inferior gyri. The superior 
occipital gyrus is connected anteriorly to the 
superior parietal lobule by the parietooccipital 
arc. The middle occipital gyrus is continuous 
above with the inferior parietal lobule and 
in front with the middle temporal gyrus. The 
inferior occipital gyrus is connected in front 
with the inferior temporal gyrus. 

Investigators believe that the chief function 
of the occipital lobe is concerned with vision. 
A destructive lesion in this region produces 
a contralateral homonymous hemianopsia. 
Certain visual hallucinations may result from 
irritation of the occipital lobe and are usually 
described by patients as colors of the rainbow, 
bright lines, flashes of light or brilliant light- 
ning patterns. 


Central Lobe. The central lobe can be seen 
only when the edges of the lateral cerebral 
fissures are pulled apart. Even this maneuver 
does not completely expose the lobe, since 
certain parts that will be described later must 
also be removed. The lobe is surrounded by 
the circular sulcus and is overlapped by parts 
of cortex which are called opercula, of which 
there are four: temporal, orbital, frontal (pars 
triangularis) and frontoparietal. 


Medial Surface of the Cerebral Hemisphere. 
If the two cerebral hemispheres (Fig. 19) 
are divided by a main vertical incision, the 
great (white) commissure known as the corpus 
callosum stands out as a striking landmark. 
This is about 4 inches long and extends to 
within 1% inches of the anterior and 2% 
inches of the posterior extremities of the 
hemisphere. The anterior part of the corpus 
callosum, known as the genu, bends upon it- 
self and ends below in a point called the ros- 
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Fig. 19. Medial aspect of the brain, sectioned in the sagittal plane. 


trum. The hind part of the corpus is called 
the splenium, and the intermediate part 
forms the body (truncus). The fibers that run 
through it are principally transverse ones and 
are mainly association fiber tracts that connect 
the 2 cerebral hemispheres. Tumors involving 
the corpus callosum usually produce the same 
symptoms as those in the frontal lobe because 
of their close anatomic position. 

The rostrum is connected to the upper part 
of the optic chiasma by a narrow sheet of gray 
matter called the lamina terminalis. The 
genu contains fibers running forward and me- 
dially into the frontal lobe, thus forming the 
forceps minor. 

The body of the corpus lies at the bottom 
of the longitudinal fissure in the median plane 
and at each side of this forms the roof of the 
lateral ventricles. The splenium covers the 
dorsal aspect of the midbrain, and the great 
cerebral vein separates the splenium above 
from the pineal body below. The fibers of the 
splenium arch backward and medially into the 
occipital lobe on either side, forming the for- 
ceps major. The intermediate fibers that exist 
between the forceps major and minor are 


known as the tapetum. Below the middle 
third of the corpus callosum the body of the 
fornix is found. As this structure passes for- 
ward, its anterior pillar arches downward until 
it is lost in the lower part of the brain, termi- 
nating in the mammillary body of its own side. 
The fornix forms the efferent tract from the 
hypocampus of one hemisphere to that of the 
other and to the brain. A thin membrane, sep- 
tum lucidum (septum pellucidum), stretches 
from the anterior convexity of the fornix to 
the concavity of the corpus callosum. It con- 
sists of two layers with a slitlike cavity be- 
tween, is not lined by ependyma, and forms 
a partition between the anterior horns of the 
lateral ventricles. 

Behind the fornix and at the most anterior 
part of its arch, the interventricular foramen 
(foramen of Monro) is found. This appears as 
an open aperture bounded by the fornix in 
front and the optic thalamus behind and pro- 
vides a communication between the lateral 
and the 3rd ventricles. This is brought about 
by a V-shaped arrangement in which the two 
limbs anteriorly communicate with the lateral 
ventricles on either side, and the junction of 
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the two open into the 3rd ventricle via the 
foramen of Monro (Fig. 24). 

The anterior commissure, located a little be- 
low the foramen and in front of the fornix, 
appears as a small rounded bundle of fibers, 
the posterior aspect of which can be seen in 
the anterior wall of the third ventricle. The 
concavity of the fornix arches around the front 
of the optic thalamus and forms the lateral 
wall of the third ventricle. The thalamus is 
joined to its counterpart by the interthalamic 
adhesion (middle commissure) which is really 
not a commissure since it is formed by gray 
matter. 

The posterior commissure is a layer of white 
fibers that connects the 2 thalami posteriorly. 
It forms the posterior boundary of the third 
ventricle and is placed just above the upper 
opening of the aqueduct of the midbrain 
(Sylvius). The pineal body is situated directly 
above and posterior to the posterior commis- 
sure. 

The sulcus cinguli begins below the ros- 
trum and follows the curvature of the corpus 
callosum and is separated from it by the gyrus 
cinguli. The sulcus turns upward in the region 
of the splenium and cuts the superomedial 
border of the hemisphere just behind the up- 
per end of the central sulcus. The medial gy- 
rus lies immediately in front of this upper end 
of the central sulcus, forming the medial sur- 
face of the frontal lobe and containing the 
higher motor centers that control the move- 
ments of the lower limb of the opposite side 
of the body. This latter portion of the gyrus 
is referred to as the paracentral lobule, be- 
hind which is found the precuneus. The lobule 
is bounded posteriorly by the parietooccipital 
sulcus; it forms the medial surface of the pari- 
etal lobe and is separated from the occipital 
lobe by the parietooccipital sulcus. The gyrus 
is separated from the parietal lobe by the in- 
terrupted suprasplenial (subparietal) sulcus. 

The calcarine sulcus passes forward from 
the occipital lobe and just above the infero- 
medial border of the hemisphere. It joins the 
parietooccipital sulcus so that these 2 sulci en- 
close a triangular area of cortex known as the 
cuneus, which forms the medial surface of the 
occipital lobe. From the point of union of the 
2 sulci the calcarine sulcus runs forward into 


the gyrus cinguli, the narrow part of which 
is termed the isthmus. The lingual gyrus lies 
below the calcarine sulcus as far back as the 
occipital lobe. 


Inferior Surface of Brain, 


Cerebellum, and Medulla 
Oblongata 


The inferior surface of the brain (Fig. 20) con- 
sists of 2 parts: the anterior (orbital) and the 
posterior (tentorial). The anterior surface of 
the frontal lobe rests upon the floor of the 
anterior cranial fossa, thereby coming into re- 
lationship with the orbit, the frontal sinus and 
the nasal cavity. It is bounded behind by the 
stem of the lateral sulcus. The orbital gyri and 
sulci occupy this area. Very little is known 
about the functions of this portion of the brain. 

The posterior surface lies on the floor of 
the middle cranial fossa and in the tentorium 
cerebelli, thus coming into relationship with 
the tympanic antrum. Its medial part is 
formed by the hippocampal gyrus, which is 
continuous posteriorly with the gyrus cinguli 
at the isthmus. The anterior extremity of this 
gyrus forms a projection called the uncus, 
which receives incoming olfactory fibers and 
is associated with olfactory impressions. The 
rhinal sulcus separates the uncus from the 
temporal lobe. 

The hippocampal gyrus is bounded laterally 
by the collateral sulcus. The lingual gyrus 
begins near the occipital pole, lying posterior 
to the hippocampal gyrus and medial to the 
collateral sulcus. 

The medial occipitotemporal (fusiform) gy- 
rus, lateral to the lingual and hippocampal 
gyri, is bounded laterally by the occipitotem- 
poral sulcus. Lateral to this sulcus the lateral 
occipitotemporal (inferior temporal) gyrus is 
found. 

The olfactory bulb continues backward as 
the olfactory tract, which passes along the me- 
dial border of each orbital area, parallel with 
the great longitudinal sulcus. Inferiorly, the 
olfactory bulb rests upon the cribriform plate 
of the ethmoid, through which the olfactory 
nerves from the nasal mucous membrane pass. 
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Fig. 20. Inferior surface of the brain. 


The olfactory tract divides into medial and 
lateral olfactory roots. Directly posterior to 
these roots is found the anterior perforated 
substance, which transmits numerous arteries 
and veins to and from the interior of the brain. 

The optic chiasma results from the crossing 
of the optic nerves and lies posteromedial to 
the anterior perforated space. The optic tracts 
continue backward from the chiasma and dis- 
appear under cover of the uncus. If the optic 
commissure is gently retracted backward, a 
very delicate layer, lamina terminalis, is seen. 
This may be torn easily and, if injured, the 
cavity of the 3rd ventricle is exposed. Immedi- 
ately behind the optic chiasma the tuber cine- 
reum is located. While poorly developed in 
the human, it is particularly well developed 
in certain types of fish whose sense of taste 


dominates the sense of smell. The infundibu- 
lum (stalk of the hypophysis) is at its summit. 
Behind the tuber cinereum the 2 small white 
mammillary bodies are seen whose nuclei 
form important olfactory centers. 

The posterior perforated substance is situ- 
atedimmediately behind the mammillary bod- 
ies and is perforated by branches of the poste- 
rior cerebral arteries which supply the tha- 
lami. The cerebral peduncles, 2 large bundles 
of white substance lying close together at the 
superior margin of the pons, gradually diverge 
as they travel upward to form the interpedun- 
cular fossa, disappearing beneath the optic 
tracts. These 2 great bundles associate the cer- 
ebral hemispheres with all the structures be- 
low them. 

The structures about to be described can 
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be seen best if the temporal lobe is retracted, 
and as this is done the optic tract can be fol- 
lowed backward around the lateral side of the 
peduncle, where it broadens and divides into 
lateral and medial roots. The lateral root ends 
in the lateral geniculate body and the supe- 
rior corpus quadrigeminum, which it reaches 
through the superior brachium. These nuclei 
constitute the lower visual centers (Fig. 39). 
The medial root ends in the medial geniculate 
body and has no connection with vision. Be- 
hind and above the geniculate bodies is the 
overhanging hind end of the optic thalamus 
known as the pulvinar. This is associated with 
the lower visual centers. 

The colliculi quadrigemina are 4 round 
bodies that are found on the dorsal aspect of 
the midbrain immediately below and medial 
to the pulvinar. The superior corpora quadri- 
gemina (colliculus superior) are larger than 
the inferior and have the pineal body situated 
just above them in such a way that the collicu- 
lus superior of one side is separated from that 
of the other. Each of the 4 corpora has a bra- 
chium or ridge running lateral from it. 

The lateral geniculate body, the superior 
corpora quadrigemina and the pulvinar are 
known collectively as the lower visual centers. 
The lateral geniculate body is the most impor- 
tant component of this group, since it is a relay 
station on the visual pathway from the retina 
to the visual cortex. The inferior quadrigemi- 
nal bodies are associated with auditory path- 
ways. A medial groove separates the ventral 
part of the peduncle, forming the basis or 
crusta pedunculi. The dorsal part of the pe- 
duncle is known as the tegmentum and con- 
tains important afferent pathways and the red 
nucleus. The tegmentum and the base of the 
peduncle are separated on each side by a band 
of deeply pigmented gray matter that is 
known as the substantia nigra. The aqueduct 
of the midbrain (Sylvius) appears in the mid- 
line nearer the dorsal side, and the splenium 
(hind end of the corpus callosum) is situated 
more posteriorly. 

The interpeduncular fossa occupies a cen- 
tral position and is bounded in front by the 
optic chiasma, anterolaterally by the optic 
tract and posterolaterally by the cerebral pe- 


duncies. The contents of this fossa from before 
backward are the tuber cinereum with its in- 
fundibulum, the corpora mammillaria and the 
posterior perforated space. All these struc- 
tures take part in the formation of the floor 
of the third ventricle. 

The cerebral peduncles attach the cere- 
brum to the pons; the cerebellar peduncles at- 
tach the cerebellum to the pons and the me- 
dulla (Fig. 19). The pons varolii is placed 
above the medulla, below the cerebral pedun- 
cles and between the lateral halves of the cer- 
ebellum. It is about 1% inches long and 2 
inches wide; its ventral surface reveals a mid- 
line groove (basilar sulcus) for the basilar ar- 
tery. The pons also presents transverse mark- 
ings and openings for the entrance of vessels 
and forms part of the floor of the 4th ventricle. 
Its dorsal surface is smaller than its anterior 
and is continuous with the posterior surface 
of the medulla. 

The cerebellum (Fig. 19) occupies the poste- 
rior cranial fossa. It is separated from the cere- 
bral hemispheres above by the tentorium cer- 
ebelli and in front is related to the pons and 
the medulla oblongata, from which it is sepa- 
rated by the fourth ventricle. It is closely re- 
lated to the sigmoid sinus and the tympanic 
antrum on each side. The cerebellum consists 
of a median strip, called the vermis, and two 
hemispheres. It resembles the cerebrum in 
structure in that gray matter forms a layer 
of cortex placed on the surface and not cen- 
trally, as in the spinal cord and the brain stem. 

The medulla oblongata extends from the 
foramen magnum to the lower border of the 
pons. It connects the spinal cord below to the 
pons above. Anteriorly, it rests upon the basi- 
lar part of the occipital bone and posteriorly 
lies in a depression between the hemispheres 
of the cerebellum, which is called the val- 
lecula cerebelli. The posterior aspect of the 
medulla is conveniently divided into upper 
and lower halves, the upper forming the lower 
part of the floor of the 4th ventricle, while 
the lower is directly continuous with the pos- 
terior part of the spinal cord. The medulla, 
approximately 1% inches long, is pyramidal 
in shape, having its apex at the spinal cord 
and its base at the pons. It presents anterior 
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Fig. 21. Diagrammatic frontal section through the 
scalp, the skull, the meninges and the brain. The 
arachnoid villi invade the dura, and the sub- 


and posterior median fissures that are continu- 
ous with those of the cord. 


Meninges 


The brain and the spinal cord (Figs. 21 and 
23) are surrounded by 3 enveloping mem- 
branes, which are known from inside out as 
the pia mater, the arachnoid mater and the 
dura mater. Their names suggest their quali- 
ties: the dura is tough and firm; the arachnoid 
resembles a spider’s web; and the pia repre- 
sents a very thin, clinging, skin-like structure 
that hugs the surface of the brain and follows 
its irregularities. The dura and the arachnoid 
do not dip into the fissures but fit the brain 
as a child’s mitten fits its hand; on the other 
hand, the pia mater dips into each fissure and 
fits the brain very much as a glove fits the 
hand, since each finger has its own indentation 
(see venous sinuses of the dura mater, p. 50). 

The dura mater (Figs. 22 and 23) is the most 
external membrane of the brain; it consists 
of 2 layers that are firmly blended with each 
other except in certain locations. The more 
superficial of these layers is the endocranium, 
which is a periosteum (endoperiosteum). 
Through the openings in the skull it is continu- 
ous with the external periosteum (pericra- 
nium). The endoperiosteum is the layer that 
is intimately related to the bones of the skull 
and in no way takes part in the formation of 
the falx cerebri or the tentorium cerebelli. 
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arachnoid space is trabeculated. The 4 intracranial 
spaces should be noted. 


Bulging arachnoid granulations (enlarged villi 
of the arachnoid projecting through the layers 
of the dura mater) project from each side of 
the median sagittal plane and produce the pits 
found on the parietal bone. The middle men- 
ingeal vessel ascends in the dura and produces 
a groove in the parietal bone. The deeper or 
inner layer of dura is smooth and lined by 
endothelial cells. It resembles a serous mem- 
brane and is separated from the superficial 
layers by a small amount of fibrous tissue. The 
venous sinuses and the meningeal vessels sep- 
arate the 2 layers of dura. By a process of in- 
folding and reduplicating itself, the inner 
layer of dura forms 4 membranes that subdi- 
vide the cranial cavities. These membranes 
are the falx cerebri, the falx cerebelli, the ten- 
torium cerebelli and the diaphragma sellae. 

The sickle-shaped falx cerebri is placed ver- 
tically between the 2 hemispheres of the cer- 
ebrum and is a reduplication of the inner layer 
of the dura. It consists of 2 layers of serous 
dura. Its upper border is convex and attached 
to the crista galli in front; it extends back to 
the internal occipital protuberance and be- 
tween these 2 points is attached to the internal 
surface of the skull. Its lower border is at- 
tached to the tentorium cerebelli behind but 
otherwise remains free to project between the 
cerebral hemispheres in front of the tento- 
rium. The falx is narrow in front and becomes 
wider as it is traced backward. The superior 
sagittal sinus appears in its upper border; its 
lower border contains the inferior sagittal si- 
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Fig. 22. The 4 membranes formed by the infolding of the dura mater (falx cerebri, falx cerebelli, 
tentorium cerebelli and diaphragma sellae). The venous sinuses and the cranial nerves are also shown. 


nus and aids the tentorium in the support of 
the straight sinus. 

The falx cerebelli passes vertically from the 
tentorium to the foramen magnum and sepa- 
rates the 2 cerebellar hemispheres. It attaches 
posteriorly to the internal occipital crest, 
where it encloses the occipital sinus. Construc- 
tion of the falx cerebelli is exactly the same 
as that of the falx cerebri. 

The tentorium cerebelli is a tentlike fold 
of a double layer of serous dura mater, forming 
a partition between the cerebellum and the 
posterior part of the cerebral hemispheres. It 
forms a roof for the cerebellum and a floor 
for the occipital lobe and the posterior part 
of the temporal lobe of the cerebrum. Anteri- 
orly, a wide gap known as the tentorial notch 
permits the passage of the midbrain. Because 
of this arrangement the tentorium possesses 


a free inner and an attached outer border. 
This outer border has 3 attachments: to the 
margins of the groove of the transverse sinus 
of the occipital bone; to the margins of the 
groove for the superior petrosal sinus on the 
petrous portion of the temporal bone; to the 
posterior clinoid process of the sphenoid bone. 
The free border runs forward to the anterior 
clinoid process, and the upper layer of the 
tentorium becomes continuous with the falx 
cerebri in the median plane. 

The diaphragma sellae is also a fold of inner 
layer of dura mater with a foramen in its cen- 
ter. Its lateral border is attached to the clinoid 
processes; its medial border forms the bound- 
ary of the foramen of the diaphragma sellae 
and also surrounds the infundibulum. The su- 
perior surface of the diaphragm is in relation 
to the base of the brain; its inferior aspect is 
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Fig. 23. Coronal section through the foramen magnum, showing the relationships of the meninges, 


the venous sinuses and the blood vessels. 


related to the hypophysis, which is bound by 
it to the hypophyseal fossa. 

The arachnoid mater, a delicate membrane 
enveloping the brain and medulla spinalis, lies 
between the pia mater internally and the dura 
mater externally. It does not dip into the vari- 
ous sulci on the surface of the brain, but is 
carried into the longitudinal fissure by the falx 
cerebri. Over the convolutions the arachnoid 
and the pia are in close contact but are sepa- 
rated at the sulci by the subarachnoid space, 
which contains the cerebrospinal fluid and is 
crossed by a gauzy retinaculum of cobweblike 
fibers connecting the 2 membranes (Fig. 21). 
At the base of the brain this network is much 
reduced and the two membranes are widely 
separated to form the so-called subarachnoid 
cisternae. The 3 main cisternae are: 

l. The cisterna cerebromedullaris (cisterna 
magna) is a cavity resulting from the arach- 


noid’s bridging the inferior surface of the 
cerebellum and the dorsal surface of the me- 
dulla oblongata. It is continuous below with 
the spinal subarachnoid space. Cerebrospinal 
fluid passes directly into this cistern from the 
4th ventricle by means of the foramen of Ma- 
gendie (median aperture). 

2. The cisterna pontis, a space lying in front 
of the pons and the medulla oblongata, is con- 
tinuous with the subarachnoid space about the 
medulla and has been referred to as “Hilton’s 
water bed,” since it forms a water cushion 
to protect the brain. The roots of the lower 
8th cranial nerves traverse this cavity. 

3. The cisterna interpeduncularis, a wide 
cavity formed by the arachnoid as it extends 
across and between the 2 temporal lobes, en- 
closes the cerebral peduncles and contains the 
circulus arteriosus (arterial circle of Willis). 
Some consider it part of the cisterna basalis, 
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which connects it to a smaller cisterna in front 
of the optic chiasma. The arachnoid granula- 
tions are seen best in old age, where they pro- 
duce pitting of the parietal bone. When hyper- 
trophied, they are called pacchionian bodies. 
Although they appear to originate in the dura, 
they are really villous processes of the arach- 
noid that push the dura mater ahead of 
them. They serve as channels for the passage 
of cerebrospinal fluid into the venous system 
and at times may become large enough to pro- 
duce pressure signs. 

The pia mater is the innermost of the 3 
meninges and is in reality the membrane of 
nutrition. It is closely attached to the surface 
of the brain and dips into the depths of all 
the sulci, carrying branches of the cerebral 
arteries with it. The larger blood vessels of 
the brain lie in the subarachnoid space, but 
the smaller ones ramify the pia and proceed 
into the substance of the brain proper. At cer- 
tain locations the pia mater sends strong vas- 
cular duplications into the brain; these spread 
over the cavities of the 3rd and the 4th ventri- 
cles and are known as the choroid telae. The 
choroid tela of the 3rd ventricle extends into 
each lateral ventricle. The blood vessels on 
the border projecting into the lateral ventricle 
are enlarged into a plexus known as the cho- 
roid plexus of the lateral ventricle, from which 
the greater amount of cerebrospinal fluid is 
formed. 


Intracranial Spaces 


The 4 intracranial spaces (Fig. 21) are: the ex- 
tradural (exterior to the dura); subdural (be- 
neath the dura); subarachnoidal (beneath the 
arachnoid); the intracerebral (within the brain 
tissue proper). 

1. The extradural space is only a potential one 
because the dura touches the internal surface 
of the skull. The meningeal vessels (p. 24) are 
in this space, and if they are injured, bleeding 
takes place between the dura and the skull. 
If this bleeding is permitted to continue, the 
dura is slowly stripped away from the bone. 
Bleeding into this space is usually arterial and 
therefore rapid and often fatal. If the arach- 
noid is intact and the subarachnoid space 


has not been entered, there is no blood in 
the cerebrospinal fluid. 

2. The subdural space is situated between the 
dura and the arachnoid. Hemorrhage into this 
space may result from injury to large arteries 
such as the middle cerebral or internal ca- 
rotid, but this is rare, rapidly fatal and of no 
practical importance. It is much more impor- 
tant to consider subdural hemorrhage as ve- 
nous, since the large sinuses, such as the supe- 
rior longitudinal and lateral, may be torn 
when the dura is injured. If the arachnoid is 
also torn, as it may be over the great cisterns 
at the base of the brain, blood escapes into 
the subarachnoid space and will appear in the 
cerebrospinal fluid. 

3. The trabeculated subarachnoid space is sit- 
uated between the arachnoid and the pia ma- 
ter; cerebrospinal fluid circulates here. The 
space is not wide over the convexity of the 
brain, but is quite extensive at the base of 
the skull where the cisternae are formed. 
These form a “water bed” (cisterna portis) of 
subarachnoid fluid upon which the brain 
floats. Only the anterior third of the brain rests 
directly upon bone (the orbital plates of the 
frontal bone). 

4. Involvement of the intracerebral “space” 
is really involvement of brain substance 
proper. Theoretically, the subpial space is that 
potential interval that exists between the pia 
and the brain and is of no practical impor- 
tance. Attempts to strip the pia mater from 
the brain are often unsuccessful, since brain 
tissue comes away with the intimately at- 
tached pia. Bleeding into the brain proper 
may be traumatic in origin or may be the re- 
sult of spontaneous rupture of an artery in 
its interior. Since the pia is frequently torn 
with these hemorrhages, frank blood appears 
in the cerebrospinal fluid. 


Ventricular System and 
Cerebrospinal Fluid 


The circulation of the cerebrospinal fluid is 
associated with (1) the ventricular system and 
(2) the subarachnoid space. The spinal fluid 
is formed in the ventricular system and ab- 
sorbed in the subarachnoid space. 
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Fig. 24. The ventricular system. The horns and the body of the first and the second lateral ventricles 


are pictured in relation to the brain. 


The ventricular system (Fig. 24) is com- 
posed of 4 ventricles, two of which are lateral. 
Normally, these spaces communicate freely 
with each other through well-defined open- 
ings. Each lateral ventricle is situated within 
a cerebral hemisphere and is subdivided into 
an anterior horn (in the frontal lobe), a body 
(in the parietal lobe), a posterior horn (in the 
occipital lobe), and a descending horn (in the 
temporal lobe). Each communicates with the 
third ventricle by a single opening known as 
the interventricular foramen of Monro. This 
foramen has a V-shaped arrangement of 2 
limbs, each draining its respective lateral ven- 
tricle. It is situated in the anterior horn and 
is the only means of exit for the lateral ventri- 
cles. The 3rd ventricle empties into the 4th 
by means of the aqueduct, which is about % 
inch long and quite narrow, being only slightly 
larger than the lead of a pencil. This aqueduct, 
passing through the midbrain, enters the ante- 
rior part of the 4th ventricle; it is the only 
source of exit for the 3rd and both lateral ven- 


tricles. Because of its location and its small 
size, it is the weakest and most important 
point of the entire ventricular system. The 
4th ventricle is situated in the posterior cra- 
nial fossa, the cerebellum forming its roof and 
the pons and the medulla its floor. It connects 
with the subarachnoid space by 3 openings: 
the 2 lateral apertures of the 4th ventricle 
(Luschka) and a median foramen of Magendie. 
The 2 lateral foramina of Luschka open into 
the cisterna lateralis, and the median aper- 
ture of Magendie into the cisterna magna (cis- 
terna cerebellomedullaris). In this way the 
ventricular system becomes connected with 
the subarachnoid space. The fluid, having 
gained entrance into this space and the cister- 
nae, circulates freely around the cerebrum 
and the cerebellum, finally passing down the 
spinal subarachnoid space. Cerebrospinal fluid 
is formed by the choroid plexus, mainly in 
the lateral ventricles; from this point it passes 
through the foramen of Monro into the 3rd 
ventricle and finally into the subarachnoid 
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Fig. 25. Photograph and roentgenogram of a hydrocephalic infant. A spina bifida is also present. 


space, where it comes in contact with the 
arachnoid villi, which absorb it and return it 
to the venous stream in the dural sinuses. 

The total amount of cerebrospinal fluid has 
been estimated to be between 90 and 150 cc. 
in adults. If there is a block along the route 
of the ventricular system, the condition of hy- 
drocephalus results (Fig. 25). If such a block 
is located at a lateral ventricle entrance into 
the 3rd ventricle, distention of one ventricle 
would result; if the block is at the aqueduct, 
a distention of both lateral and the 3rd ventri- 
cles would result; if the obstruction is at the 
aperatures in the 4th ventricle (Magendie and 
Luschka), distention of all ventricles will en- 
sue. The type of block may be determined 
by ventriculography. 


Surgical Considerations 


Two procedures, ventriculography and en- 
cephalography, are valuable diagnostic aids, 
especially in the localization of brain tumors 
and obstruction of the ventricular system (Figs. 
26 and 27). 


Encephalography 


Encephalography consists of withdrawing 
cerebrospinal fluid by means of a lumbar 
puncture needle and introducing air. The air 
slowly ascends and produces an outline of the 
ventricular system which can be seen on a 
roentgenogram. It is important to utilize a ma- 
nometer during the procedure so that the ce- 
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Lambdoid suture 


Fig. 26. Ventriculography. Two small incisions are 
made 1 inch to each side of the midline and 2 inches 
above the lambdoid suture. Two burr holes are 
placed at these points, and the dura is nicked. Then 


a ventricular needle is introduced into the lateral 
ventricle at the junction of the body and the occipi- 
tal horn. ‘Cerebrospinal fluid is replaced with air. 





Fig. 27 A. Encephalogram in lateral projection: (1) anterior horn, (2) body of the lateral ventricle, (3) 
posterior horn, (4) third ventricle, (5) descending horn, (6) fourth ventricle, (7) sella turcica. 
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Fig. 27 B. Encephalogram in anteroposterior projection: (1) anterior horn, (2) body of the lateral ventricle, 
(4) third ventricle, (8) orbit, (9) nasal septum, (10) inferior turbinates. 





Fig. 27 C. Encephalogram in posteroanterior projection: (2) body of the lateral ventricle, (3) posterior 
horn, (5) descending horn. 
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rebrospinal pressure is measured. As a rule, 
from 20 to 25 cc. of air is introduced; the out- 
lines of the ventricles are seen, and any abnor- 
mality is noted. Encephalography should not 
be used when there is an increase in intracra- 
nial pressure. 


Ventriculography 


Ventriculography (Fig. 26) is a more formida- 
ble procedure but is the method of choice. 
It involves 2 incisions and 2 perforations of 
the skull. The technic consists of making 2 
small incisions in the scalp about 1 inch on 
either side of the midline and about 2 inches 
above the lambdoid suture. The lips of each 
incision are retracted, and a small burr hole 
is made. The dura is exposed, carefully nicked 
with a small crucial incision, and a ventricular 
needle is introduced. This is passed down- 
ward, forward and inward in such a way that 
the lateral ventricle is entered in the region 
of the junction of its body with the occipital 
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horn. Thus, a study of the cerebrospinal fluid 
is permitted, as well as temporary relief from 
intracranial pressure. Fluid is removed and 
replaced by a somewhat smaller volume of 
air, the average amount of air injected being 
from 50 to 120 cc. After this, lateral and an- 
teroposterior roentgenograms are taken (Fig. 
27 A and B). The lateral view may show defor- 
mity of the anterior or the posterior horns by 
tumors situated in the frontal or occipital re- 
gions. The anteroposterior view may reveal 
a deflection of the ventricles from the midline 
or a filling defect of the 3rd ventricle. During 
this procedure it is best to have the patient 
in the sitting or semisitting position. 


Cisternal Puncture 


In cisternal puncture (Fig. 28) the patient may 
be in a sitting position or lying on one side 
with the head placed somewhat forward. The 
first palpable cervical spinous process is lo- 
cated in the midline, and a point is taken im- 
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Fig. 28. Cisternal puncture. An imaginary line is 
constructed between the external auditory meatus 
and the nasion. The needle enters above the spi- 
nous process of the first cervical vertebra, parallels 
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this line and enters the cisterna magna. The me- 
dulla is about 1 inch anterior to the posterior occipi- 
toatloid ligament. 
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mediately above it. The needle is then in- 
serted in a forward and upward direction. The 
upward path parallels an imaginary line that 
joins the external auditory meatus with the 
nasion; as the needle advances it strikes the 
posterior occipitoatloid ligament. In the adult 
this is at a depth of between 4 and 5 cm. Pierc- 
ing of the ligament by the needle is usually 
felt, and then the cistern is entered. The me- 
dulla is about 1 inch anterior to the posterior 
occipitoatloid ligament. 


Arterial Supply 


The arterial supply to the brain (Fig. 29) is 
furnished by 4 vessels: 2 vertebral and 2 inter- 
nal carotid arteries. The vertebral artery, a 
branch of the subclavian, after ascending and 
perforating the dura, unites with the same 
vessel of the opposite side to form the basilar. 
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This vessel lies in the basilar groove of the 
pons and at its superior margin divides into 
2 terminal branches known as the posterior 
cerebral arteries. The internal carotid, after 
penetrating the dura, reaches the base of the 
brain at the angle between the optic nerve 
and the optic tract, then divides into 2 
branches: anterior and middle cerebral ar- 
teries. These are connected by communicating 
vessels to form the circulus arteriosus ( Willis), 
which lies within the interpeduncular sub- 
arachnoid cistern (Fig. 30). The arterial circle 
is formed in the following way: anteriorly, the 
anterior communicating artery joins the 2 an- 
terior cerebral arteries, and the posterior com- 
municating artery connects the internal ca- 
rotid with the posterior cerebral artery; 
posteriorly, the basilar artery bifurcates into 
the two posterior cerebral arteries to com- 
plete the circle. The so-called circle is really 
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Fig. 29. The arterial supply as seen from the base of the brain, and the formation of the circulus 
arteriosus (Willis). The cranial nerves are shown in relation to the vessels. 
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Fig. 30. The blood supply to the brain and the remarkable anastomosis of the circle of Willis. 


heptagonal in shape. Two separate sets of 
branches arise from the cerebral arteries: (1) 
the central branches, which are very numer- 
ous and slender, pierce the surface of the brain 
to supply the internal parts of the cerebrum, 
including the basal nuclei, and do not anasto- 
mose with one another; (2) the cortical 
branches ramify over the surface of the cere- 
brum and supply the cortex, anastomose in the 
pia, and are not sharply cut off from one an- 
other. The anterior cerebral artery supplies 
the superior and the middle frontal convolu- 
tions and the entire medial surface of the 
hemisphere as far back as the parietooccipital 
fissure. It also supplies the leg center of the 
paracentral lobule and the highest point of 
the precentral convolution. The middle cere- 


bral artery is a direct continuation of the inter- 
nal carotid; it runs upward and outward to 
the Sylvian fissure and supplies most of the 
exposed surface of the hemisphere, the insula 
and the internal capsule. It also supplies the 
bulk of the motor area of the brain, the cortical 
center for hearing, part of the center for vision 
and the motor speech area of the left hemi- 
sphere. It gives off the lenticulostriate artery, 
which is the vessel most frequently ruptured 
in cases of cerebral hemorrhage. This vessel 
has been referred to as the “artery of apo- 
plexy” (Charcot). The posterior cerebral ar- 
tery supplies the middle and the inferior tem- 
poral gyri, the medial part of the occipital lobe 
and the lower surface of the temporosphe- 
noidal lobe. 
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Brain Flow and Function. The study of the 
blood supply and function of the brain has 
progressed tremendously since 1861 when the 
French physician, Paul Broca, first did a post- 
mortem examination on the brains of 2 para- 
lytics both of whom had right hemiplegias 
with aphasia. Later investigators adopted 
Broca’s indirect approach to localize many 
other cortical functions. Niels Lassen and oth- 
ers working in Copenhagen and at the Univer- 
sity of Lund (Sweden) have devised a radioac- 
tive-isotope technique that makes it possible 
to observe the localization of function in the 
human cerebral cortex. This has opened an 
entirely new approach to cortical mapping. 
At present, most work is being done in the 
superficial layers of the cortex; modified tech- 
niques will expose, it is hoped, the functions 
of the deeper structures. Complex multidetec- 
tor instruments are now being developed to 
measure and portray in 3 dimensions the dis- 
tribution of the radioactive-isotope inside the 
brain. In this way, activity in the deeper parts 
of the brain may be mapped and analyzed. 


Veins of the Head and the Brain 


The veins of the head and the brain (Fig. 31) 
may be divided as follows: (1) the emissary 
veins, which connect the veins of the inside 
of the skull with those of the head, the face 
and the neck; (2) the diploic veins, which form 
venous plexuses situated between the inner 
and the outer tables of the skull; (3) the cere- 
bral and the cerebellar veins, which drain the 
venous blood of the cerebrum and the cere- 
bellum; (4) the venous dural sinuses, which 
are placed between the layers of the dura ma- 
ter. 


Emissary Veins 


The emissary veins connect the intracranial 
and the extracranial veins. Since blood may 
flow in either direction, infection may also 
travel both ways. This double direction of 
blood flow equalizes the venous pressure in 


the sinuses and the superficial veins. The more 
important emissary veins include: 

l. The parietal vein, which passes through the 
parietal foramen at the top of the skull and 
joins the occipital vein via the superior sagittal 
sinus. It is of marked surgical importance as 
the path by which a relatively simple scalp 
infection may result in a thrombophlebitis or 
sinus thrombosis involving the superior sagit- 
tal sinus. 

2. The emissary veins of the foramen cecum 
connect the beginning of the superior sagittal 
sinus with the veins of the frontal sinus and 
the root of the nose. By means of this route 
infection may travel from either of the latter 
2 structures to the superior sagittal sinus. 
These veins are seen more constantly in chil- 
dren than in adults. 

3. The mastoid is the most constant of the 
emissary veins; it connects the occipital or pos- 
terior auricular vein with the transverse (lat- 
eral) sinus. It is of surgical importance because 
of the frequency with which mastoid disease 
takes place and may result in infection of the 
transverse (lateral) sinus. 

4. The ophthalmic veins are considered as 
emissary veins which drain into the cavernous 
sinus. Blood can flow in the reverse direction 
in these vessels and pass to the face and infra- 
temporal fossa. 

It is in connection with these emissary veins 
that the facial vein becomes of utmost impor- 
tance, the latter communicating with the cav- 
ernous sinus through the ophthalmic veins. 
The anterior and the posterior retromandibu- 
lar facial veins join in the neck to form the 
common facial vein, which pierces the deep 
fascia and ends in the internal jugular; at times 
it may cross the sternocleidomastoid muscle 
and end in the external jugular vein. That part 
of the anterior facial vein which passes along 
the side or angle of the nose has been called 
the angular vein. It is important because it 
drains the so-called “dangerous area of the 
face.” Boils and carbuncles commonly occur 
in this region and should such lesions be 
opened, death may result from involvement 
of the cavernous sinus; the internal jugular 
vein may also become infected in such cases. 
Since these veins have no valves, infected 
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Fig. 31. Veins of the head and the brain. Three 
of the emissary veins (parietal, mastoid and 
ophthalmic) are shown with their intracranial com- 
munications. Since the blood flow can travel in ei- 
ther direction, infection may also pass both ways. 


thrombi become detached as a result of the 
constant motion brought about by talking and 
masticating, causing a spread of the infection 
into the interior of the skull. 

There are other emissary veins that are of 
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The angular vein, which drains the upper lip or 
“dangerous area of the face,” is of particular impor- 
tance because of its communication with the cav- 
ernous sinus. 


less practical importance, namely, the veins 
of the hypoglossal canal, the condyloid canal, 
the foramen ovale, the foramen lacerum, the 
foramen of Vesalius and the emissary veins 
accompanying the middle meningeal artery. 
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Fig. 32. The diploic veins. These veins form venous 
plexuses between the outer and the inner tables 
of the skull. Four diploic venous trunks drain these 


Diploic Veins 


The diploic veins (Fig. 32) form venous plex- 
uses between the inner and the outer tables 
of the skull. In the skull of the child the bone 
consists of a single layer in which numerous 
veins grow and communicate with each other. 
Marrow is found around these branching and 
communicating vessels, and this ingrowth re- 
sults in the formation of an outer table of skull, 
an inner table and the diploé situated be- 
tween them. The veins form a plexus that is 
drained by four diploic venous trunks on each 
side: the frontal diploic vein drains into the 
supraorbital vein; the anterior parietal (tem- 
poral) drains into the sphenoparietal sinus; 
the posterior parietal (temporal) drains into 
the lateral sinus; the occipital also drains into 
the lateral sinus. Diploic markings may be 
confused with fractures on a roentgenogram 


plexuses. The outer table of compact bone has been 
removed to demonstrate the veins. 


of the skull (Fig. 33). In the parietal region 
the so-called “parietal spider” is seen, a spider- 
like arrangement of these veins. There are 
no diploic arteries, since the arterial blood 
supply comes by way of the meningeal and 
the pericranial arteries. 


Cerebral and Cerebellar Veins 


The cerebral and the cerebellar veins (Fig. 
34) are veins of the brain proper. They do 
not accompany the arteries; they have no 
valves, no muscle tissue around them, and 
their walls are extremely thin. They are 
lodged for the greater part in the grooves on 
the surface of the brain and are covered by 
arachnoid. The superior veins run upward to- 
ward the superior sagittal sinus, turn forward 
and run parallel with the sinus for a short dis- 
tance before entering it. The cerebral veins 
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Fig. 33. Lateral roentgenogram of the skull, dem- 
onstrating the arterial channels, the diploic veins 
and a fracture line: (1) middle meningeal groove, 
(2) plexus of diploic veins, (3) fracture line over 


are divided into external and internal groups, 
depending upon whether they drain the outer 
surface or the inner part of the hemisphere. 
The external veins are named the middle, the 
superior and the inferior cerebral veins. The 
internal veins draining the deeper parts of the 
hemisphere are the terminal ones and the 
great cerebral vein of Galen (Fig. 22). 


Venous Dural Sinuses 


Venous sinuses of the dura mater (Figs. 22, 
23, 31, and 35) are spaces between the 2 layers 
of dura mater which collect blood and return 
it to the internal jugular vein. Into these 
spaces spinal fluid is also drained from the 
subarachnoid space through the arachnoid 
villi and granulations. Sinuses differ from 
other venous structures in the body in that 
their walls consist of a single layer of endothe- 
lium, as a result of which there is no tendency 
for them to collapse. Seven of these sinuses 
are paired, and 5 are unpaired. The unpaired 


the squamous portion of the temporal bone, (4) cor- 
onary suture, (5) lambdoid suture, (6) sella turcica, 
(7) sphenoid sinus. 


sinuses are the superior sagittal, inferior sagit- 
tal, straight, intercavernous and basilar. The 
paired sinuses are the sphenoparietal, cavern- 
ous, superior petrosal, inferior petrosal, occipi- 
tal, transverse and sigmoid. Only those that 
are of practical and surgical importance will 
be considered. 

The superior sagittal (longitudinal) sinus 
is in a somewhat exposed position along the 
insertion of the falx cerebri. It begins in front 
of the crista galli at the foramen cecum, where 
it occasionally communicates with the veins 
of the nasal mucous membrane. It then passes 
upward and backward in the upper border 
of the falx cerebri until it reaches the internal 
occipital protuberance, where it lies a little 
to one side of the median plane, usually on 
the right. Here it forms a dilatation known 
as the confluence of sinuses (torcular Hero- 
phili), at which point the superior sagittal, the 
transverse, the occipital and the straight si- 
nuses all meet. Here the superior sagittal 
bends acutely to the right, occasionally to the 
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Fig. 34. The cerebral veins, viewed from above. 
The superior sagittal sinus has been opened, and 
the dura mater has been reflected on the left side, 
exposing the subdural space. The intact dura on 


left, and becomes continuous with the trans- 
verse sinus. Lateral expansions of the sinus 
(lacunae lateralis) are found on each side. 
These lacunae receive meningeal and diploic 
veins, and the superior sagittal sinus receives 
emissary veins, diploic veins and those veins 
which drain the cerebral hemispheres. As the 
superior sagittal sinus runs posteriorly, it 
grooves the internal aspect of the skull, and 
its surface marking may be indicated by a line 
drawn over the median line of the vertex from 
the root of the nose to the external occipital 
protuberance. 


the right side reveals the relationship of the extra- 
dural space and the middle meningeal vessels. A 
small flap of arachnoid has been reflected to show 
the position of the cerebral veins. 


The inferior sagittal sinus passes backward 
in the lower border of the falx cerebri. It 
unites with the great cerebral vein at the free 
margin of the tentorium cerebelli to form the 
straight sinus. 

The straight sinus travels backward along 
the attachment of the falx cerebri to the tento- 
rium. At the internal occipital protuberance 
it bends acutely to the left, occasionally to the 
right, to form the transverse sinus. It receives 
tributaries from the posterior part of the ce- 
rebrum, the cerebellum and the falx cerebri. 

The transverse (lateral) sinus, which is a 
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Fig. 35. Venous sinuses at the base of the skull. The right internal carotid artery is shown surrounded 


by the cavernous sinus. 


paired structure, begins at the internal occipi- 
tal protuberance. The right is usually continu- 
ous with the superior sagittal sinus and the 
left with the straight sinus. It receives the su- 
perior petrosal sinus and a few inferior cere- 
bral and cerebellar veins. It is bounded by 
the 2 layers of tentorium and the outer layer 
of dura mater and runs horizontally at first 
in a lateral direction and then forward. It lies 
in the transverse groove of the skull and in 
the attached margin of the tentorium. 

The sigmoid sinus is a continuation of the 
transverse sinus and receives its name from 
the S-shaped curves which it makes. Some au- 
thors believe the term “transverse” should be 
restricted to that part of the sinus that passes 
between the internal occipital protuberance 
and the posterior inferior angle of the parietal 
bone. The remaining part of the sinus (to the 
jungular foramen) is known as the sigmoid si- 


nus, which curves downward, leaves the ten- 
torium, passes between the two layers of dura 
and ends at the jugular foramen, where it be- 
comes the internal jugular vein. The continua- 
tion of the sinus as the internal jugular ex- 
plains the propagation of a transverse sinus 
thrombosis. This justifies the ligation of the 
internal jugular to prevent the spread of septic 
emboli to the heart. The superior petrosal si- 
nus joins it at its first bend, and the inferior 
petrosal at its termination. It forms an impor- 
tant posterior relation of the tympanic an- 
trum. In suppurative conditions of the tym- 
panic antrum or cavity this sinus may become 
the site of a septic process that travels through 
the cerebellar tributaries and forms a cerebel- 
lar abscess. It is separated from the mastoid 
cells by only a very thin plate of bone; hence, 
diseases from the middle ear into the mastoid 
cells can form a suppurative process that in- 
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Fig. 36. The hypophysis: (A) embryogenesis; (B) 
sagittal section showing the hypophysis in the sella 
turcica and its relations to the optic chiasma; (C) 


volves the sinus (sinus thrombosis). Its commu- 
nications are numerous and important; it is 
connected by the mastoid emissary vein with 
the occipital vein, by the occipital sinus with 
the transverse sinus and by the posterior con- 
dylar emissary vein with the suboccipital 
plexus. 
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frontal section through the hypophysis and the cav- 
ernous sinus, showing the normal relations be- 
tween these and 4 of the cranial nerves. 


The cavernous sinus is situated to either 
side of the body of the sphenoid bone and is 
continuous with the ophthalmic veins in front. 
Posteriorly, it divides into the superior and 
the inferior petrosal sinuses. It surrounds the 
internal carotid artery. Injury in this area may 
result in the formation of an arteriovenous 
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aneurysm which produces stasis in the supe- 
rior ophthalmic vein. This may bring about 
a pulsating exophthalmos due to pulsations of 
the cartoid artery transmitted to the engorged 
venous spaces. Cavernous sinus thrombosis 
may follow inflammatory lesions of the face 
and the upper lip, the extension taking place 
through the facial, the nasal and the oph- 
thalmic veins. This sinus is intimately re- 
lated to the Gasserian ganglion and may be 
injured during operations on the latter. Infec- 
tions involving the cavernous sinus are fre- 
quently accompanied by basilar meningitis. 

The intercavernous (circular) sinus consists 
of the two transverse venous connections be- 
tween the cavernous sinuses. The spheno- 
parietal sinus runs along the lesser wing of the 
sphenoid to the superior sagittal sinus. The 
occipital sinus is extremely variable in size 
and lies in the attached border of the falx cere- 
belli. The basilar sinus is a wide trabeculated 
space behind the dorsum sellae, which unites 
the cavernous and the inferior petrosal sinuses 
of opposite sides. It also communicates below 
with the spinal veins. 

Numerous variations have been described 
in the dural sinuses due to developmental 
changes in this widespread venous network. 
Multiple venous anomolies so extreme that 
they produce clinical and neurological symp- 
toms have been described. The most frequent 
of these variations seem to appear at the con- 
fluence of sinuses. Variations in the transverse 
and sigmoid sinuses such as total or partial 
absence have been described. Anomalous ac- 
cessory sinuses too numerous to mention can 
be studied in special texts dealing with this 
subject. 


Fig. 37. Two approaches to the hypophysis. (A) The 
intracranial approach: an osteoplastic flap is formed 
through a frontoparietal approach. The dura is in- 
cised, the cortex protected, and the frontal lobe 
gently elevated. The tumor and the optic nerves 
are exposed. (B) The transphenoidal operation: an 
incision is made between the upper lip and the 


Hypophysis 


Embryology 


The hypophysis or, in older terminology, the 
pituitary body developmentally (Fig. 36) con- 
sists of two different parts: a buccal or glandu- 
lar portion which is derived from the roof of 
the mouth and lies anteriorly; and a nervous 
portion derived from the brain. The anterior 
part is an upgrowth (Rathke’s pouch) from the 
roof of the primitive pharynx (stomodeum). 
Normally, the stalk that connects the anterior 
lobe to the roof of the mouth disappears com- 
pletely because of the rapid growth of the 
body of the sphenoid bone, but occasionally 
this stalk may persist as the craniopharyngeal 
canal. At the site of Rathke’s pouch or along 
the persisting craniopharyngeal canal, cysts 
may develop that are lined with squamous ep- 
ithelium (craniopharyngeomas). After the an- 
terior lobe has become isolated, a rapid prolif- 
eration of its cells takes place which displaces 
the gland. The posterior lobe is of nervous 
origin and is derived from the brain. It grows 
in a downward direction from the floor of the 
third ventricle and forms the infundibulum. 


Adult Hypophysis 


The adult gland measures 13 X 8 mm. and 
can be likened to an apple: the stem is the 
infundibulum that connects it to the brain, 
and the skin is the dura mater that ensheaths 
it. The anterior lobe consists of a pars anterior 
and a pars intermedia, which are separated 
from each other by a narrow groove, a rem- 
nant of the diverticulum from which this lobe 


gum. The mucoperiosteum is separated from each 
side of the septum, and the latter is removed. The 
anterior wall of the sphenoid sinus is nibbled away 
until the floor of the sella turcica is encountered. 
The latter is removed, the dura is exposed, and 
the hypophysis, with its pathology, is identified. 
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developed. The anterior lobe is the larger of 
the two and grows backward around each side 
of the posterior; it is hollowed out posteriorly 
to accommodate that lobe and, therefore, as- 
sumes a kidney shape. It is very vascular, 
blood vessels reaching it along the infundibu- 
lum from the arterial circle. 

The pars intermedia, the middle part, con- 
tains a few blood vessels, small masses of col- 
loid material, and some finely granulated cells. 

The posterior lobe (neurohypophysis), aris- 
ing as a downgrowth from the brain, contains 
no nerve cells but has numerous neuroglial 
cells and fibers and small collections of colloid 
material. 

The hypophysis lies. in the sella turcica 
within duplications of the dura, which forms 
an osteofibrous compartment. The deep layer 
of dura dips into the sella; laterally, it meets 
the superficial leaf, which passes over the 
gland to form the diaphragm. The lateral walls 
of the fossa form the medial walls of the cav- 
ernous sinuses. The superficial layer of dura, 
forming the diaphragma sellae, produces a 
roof for the gland; the roof contains a central 
aperture; and through it the infundibulum 
connects the posterior lobe to the tuber cine- 
reum. The 2 anterior and the 2 posterior cli- 
noid processes surround the gland as a 4-pos- 
ter bedstead in which the pituitary body rests. 

Four venous sinuses form a square that en- 
closes the gland: the cavernous on each side 
and the anterior and the posterior intercav- 
ernous sinuses in front and behind. In the 
outer wall of the cavernous sinus lie the 3rd, 
the 4th, the ophthalmic branch of the 5th, 
and the 6th cranial nerves. The internal ca- 
rotid artery is situated beneath and within the 
meshes of the sinus. Anteroinferiorly, the 
gland is related to the sphenoid sinus. When 
the sinus is large, only a thin plate of bone 
separates it from the gland; hence, the larger 
the sinus the more extensive is its relation to 
the hypophysis. 

The optic chiasma lies superior to the hy- 
pophysis and, therefore, is related to the infun- 
dibulum rather than the gland proper. As the 
infundibulum passes upward posterior to the 
chiasma, it is in contact with its posterior edge 
and undersurface. The chiasma is nowhere in 
direct contact with the bone. 
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The arteries of the hypophysis come from 
branches of the internal carotid artery. There 
are superior and inferior hypophysial arteries 
on each side. Each superior artery supplies 
the upper infundibulum and the ventral part 
of the hypothalamus. The inferior arteries di- 
vide into medial and lateral branches that 
anastomose with their fellows of the opposite 
side. The capillaries of the anterior and poste- 
rior lobes are drained by veins that empty 
into the cavernous sinus. This sinus “rings” 
the sella turcica in which the gland rests. 


Surgical Considerations 


Two main routes are utilized to expose the 
hypophysis: an intracranial and a nasal (Fig. 
37). Most authorities believe that the nasal 
route is impractical since the exposure of the 
gland is poor and the danger of infection is 
increased. 


Intracranial and Transphenoidal 
Operations 


The intracranial approach takes the trans- 
frontal route or one of its modifications. A 
more lateral approach in which an osteoplastic 
flap is utilized (Fig. 37 A) is described by 
Heuer. This begins 3 cm. behind the external 
angle of the orbit, is carried just within the 
hair line to about 1 inch from the longitudinal 
sinus, where it turns backward and then 
curves downward posteriorly to the parietal 
eminence to a point 4 cm. behind the helix. 
In reality this is a frontoparietal approach that 
combines both frontal and lateral routes. The 
dura is incised, the cortex protected, and the 
frontal lobe gently elevated, exposing the op- 
tic nerve or the optic commissure and the hy- 
pophysis. Some authors describe an extradural 
approach, but this is not as useful, since certain 
tumors may be missed because of the lack of 
exposure and because the region posterior to 
the optic nerve and the internal carotid artery 
cannot be seen properly. 

In a transphenoidal operation (Fig. 37 B) 
an incision is made in the mucous membrane 
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between the upper lip and the gum. The ante- 
rior edge of the nasal septum is exposed, the 
mucoperiosteum is separated from each side 
of the septum, and the latter is removed. The 
anterior wall of the sphenoid sinus is encoun- 


tered and nibbled away until the bulging floor 
of the sella turcica is exposed. When this has 
been removed, the dura is incised, and the 
pituitary gland with its pathology is revealed 
and treated. 
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Chapter 4 


Cranial Nerves 


The cranial nerves are 12 pairs of symmetri- 
cally arranged nerve trunks that are attached 
to the base of the brain. They leave the skull 
via various foramina at its base and are distri- 
buted for the greater part to the head. Some 
of these nerves may be described as traveling 
in a direction away from the brain; some of 
them convey impulses in a reverse direction. 
On leaving the brain each cranial nerve is in- 
vested by a sheath of pia mater, traverses the 
subarachnoid space, pierces the arachnoid and 
receives an additional sheath from the latter- 
mentioned membrane. It next enters a canal 
in the dura mater; this leads to the foramen 
in the skull through which the nerve leaves 
the cranium. It is invested by a sheath of dura 
which is continuous with the epineurium cov- 
ering the nerve trunk proper. The dural aper- 
ture and the foramen do not necessarily corre- 
spond to each other in location since some 
of the nerves (the 4th and the 6th) run an 
intradural course of some length before they 
leave their foramina. These nerves are not 
only numerically designated from before 
backward but are also distinguished by their 
specific names, which are based on their distri- 
butions or functions. 


Olfactory Nerves (Fig. 38). The sense of smell 
is served by the olfactory nerves, which com- 
mence in the mucous membrane of the olfac- 
tory region in the nasal cavity. This region 
comprises the superior nasal concha and the 
opposed part of the nasal septum. The nerves 
cross one another in various directions to pro- 
duce the appearance of a plexiform network 
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in the mucous membrane. They then are col- 
lected into 15—20 branches that pass through 
the cribriform plate of the ethmoid bone as 
lateral and medial groups and end in the olfac- 
tory bulb. The olfactory tract runs backward 
from the bulb and ends in the corpus callosum. 
The lateral branch of the tract terminates in 
the uncus, and the medial branch ends in the 
subcallosal gyrus. Some medial olfactory striae 
course through the olfactory portion of the 
anterior commissure to the opposite olfactory 
bulb. Lesions that affect the uncinate area of 
the temporal lobe may start with unpleasant 
olfactory prodromes, which are followed by 
a dreamy state; such attacks have been called 
uncinate gyrus fits. In severe head injuries that 
involve the anterior fossa, there is a loss of 
smell (anosmia) if the olfactory bulb is torn 
away from the olfactory nerves. Fractures in 
this area can also involve the meninges so that 
cerebrospinal fluid may escape into the nose. 
Such injuries are particularly dangerous since 
they open entrances for infections of the men- 
inges from the nasal cavity. 


Optic Nerve (Fig. 39). This nerve extends 
from the posterior aspect of the eyeball to 
the optic chiasma. The fibers are afferent and 
originate in the nerve cells of the retina. 
Therefore, strictly speaking, the optic nerves 
are not peripheral nerves. Thus unlike cranial 
or spinal nerves, they contain neuroglia 
throughout their entire lengths and are sur- 
rounded by the 3 layers of the cerebral men- 
inges and by the subarachnoid space. In its 
course it passes through the optic foramen, 
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Fig. 38. The olfactory nerve. 


accompanied by the ophthalmic artery, which 
lies to its outer and lower side. After gaining 
entrance to the cranium it converges toward 
the nerve of the opposite side, which it joins 
to form the optic chiasma. In the optic chi- 
asma those fibers that arise from the nasal side 
of the retina decussate with the corresponding 
fibers of the opposite side, but the fibers aris- 
ing from the temporal side of the retina do 
not. 
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The optic tracts arise on each posterolateral 
angle of the chiasma and are continuations 
of the optic nerves. Each tract consists of fibers 
arising in the temporal half of the retina of 
the same side and the nasal half of the retina 
of the opposite side. These tracts divide into 
lateral and medial roots; the lateral end in 
the gray matter of the lateral geniculate body 
and the superior corpus quadrigeminum. The 
medial root ends in the medial geniculate 
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be involved, resulting in bitemporal hemianopsia; 
at C, injury to the optic tract would produce a ho- 
monymous hemianopsia. 


Fig. 39. The optic nerves, viewed from the base 
of the brain. A lesion at A would involve the nerve 
and result in blindness; at B the chiasma would 
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body and has no connections with vision. 
From the lateral geniculate body new fibers 
arise and enter the internal capsule; here they 
assume the name of optic radiations and pass 
backward and terminate in the higher visual 
centers in the visual cortex (postcalcarine and 
calcarine sulci). As the optic nerve passes from 
the brain, it receives its perineural sheath 
from the pia mater, an outer covering from 
the dura and an inner covering from the 
arachnoid. These sheaths remain separated, 
and the two enclosed spaces may be involved 
separately. Increased pressure from the sub- 
arachnoid space in the cranial cavity is trans- 
mitted to the subarachnoid space around the 
optic nerve; the central vein and artery be- 
come compressed, resulting in an engorge- 
ment of the retinal veins and a diminution 
of the artery. This condition is known as papil- 
ledema. 


Oculomotor Nerve (Figs. 40 and 42). This 
nerve travels from the cavernous sinus to the 
orbit. After reaching the orbit through the 
lower part of the superior orbital fissure, it 
immediately divides into superior and inferior 
divisions. The superior division supplies the 
superior rectus and the levator palpebrae su- 
perioris muscles; the inferior supplies the infe- 
rior oblique and the medial and inferior recti. 
From the inferior division a short nerve passes 
to the ciliary ganglion, the ciliary muscle and 
the sphincter pupillae. The oculomotor nerve 
supplies all the extrinsic muscles of the eye 
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with the exception of the lateral rectus and 
the superior oblique. A lesion of the 3rd nerve 
results in ptosis of the upper lid (paralysis of 
the levator palpebrae superioris); dilated pupil 
(the sympathetic fibers are unopposed); loss 
of accommodation (paralysis of the ciliary 
muscle) and external strabismus (unopposed 
action of the external rectus and the superior 
oblique muscles). 


Trochlear Nerve (Fig. 41). This is the smallest 
of the cranial nerves. It lies a little below and 
lateral to the oculomotor nerve and supplies 
the superior oblique muscle. Its course is al- 
most the same as that of the 3rd nerve. At 
the superior orbital fissure it lies above the 
muscles. The trochlear nerve is rarely in- 
volved alone; but when this does occur, the 
patient experiences difficulty in moving the 
eye in an outward and downward direction. 
It has been stated that this nerve supplies the 
“down and out” muscle, since the action of 
the superior oblique is to rotate the eye out- 
ward and downward. This is an excellent test 
for the 4th nerve since the patient, in attempt- 
ing to look downward and outward, will see 
double. 


Trigeminal Nerve (Figs. 42 and 43). This is 
the thickest of the cranial nerves and has a 
wide distribution. It has a large sensory root 
upon which the trigeminal (Gasserian) gan- 
glion is situated, the ganglion resting in a fossa 
on the superior surface of the petrous bone 
near its apex. The 3 main divisions of the 
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Fig. 40. The oculomotor nerve (diagrammatic). 
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Fig. 41. The right trochlear nerve, seen from 
above. Its fibers enter the superior oblique muscle. 


nerve—ophthalmic, maxillary and mandibu- 
lar—arise from this ganglion. The motor root 
lies inferolateral to the sensory root and does 
not enter the ganglion. Both roots arise from 
the lateral part of the inferior surface of the 
pons. The 5th nerve resembles a spinal nerve 
in that it has two roots—a sensory and a mo- 
tor—with a ganglion on the sensory. The 
nerve provides the sensory supply to the face 
and the anterior half of the scalp and sends 
motor branches to the four muscles of mastica- 
tion (except the buccinator) and to four other 
muscles: tensor veli palatini, tensor tympani, 
mylohyoid and anterior belly of the digastric. 
There are 5 ganglia on the 5th nerve: the semi- 
lunar on the nerve trunk, the ciliary on the 
ophthalmic division, the sphenopalatine on 
the maxillary division, the otic on the man- 
dibular division, and the trigeminal (Lang- 
ley’s) also on the mandibular division. All 
these ganglia, with the exception of the semi- 
lunar, receive motor, sensory and sympathetic 
fibers. 

The submandibular (Gasserian) ganglion, 
the sensory ganglion of the 5th nerve, occu- 
pies a space between the outer and the inner 
layers of dura known as the cave of Meckel 


(cavum trigeminale), which is in reality a di- 
verticulum of the inner layer of dura. There 
are two layers of dura above and 2 layers be- 
low the ganglion, the 2 layers being fused. 
The foramen, which transmits the middle 
meningeal artery, is on the outer side of the 
ganglion and must be encountered before the 
ganglion is reached by the temporal route. 
The cavernous sinus and the internal carotid 
artery are found medially. The motor root 
makes no connections with the ganglion but 
passes through the foramen ovale and on the 
outside of the skull joins the mandibular divi- 
sion. Posterior to the cave the superior petro- 
sal sinus is located as it widens to join the cav- 
ernous sinus. The sphenoparietal sinus is 
found anteriorly as it joins the cavernous sinus. 
Because of these relationships, the ganglion 
should be approached through the middle re- 
gion of the outer aspect of the cave. 

The ophthalmic is the smallest division of 
the 5th nerve. After giving off a small twig 
to the dura mater, it passes forward in the 
lateral wall of the cavernous sinus and enters 
the orbit through the superior orbital fissure. 
In the fissure it splits into 3 branches: frontal, 
nasociliary and lacrimal. The lacrimal and the 
frontal branches enter the orbit above the 
muscles; the nasociliary passes between the 
2 heads of the lateral rectus. 

The lacrimal nerve travels along the lateral 
part of the orbit and supplies the lacrimal 
gland, the conjunctiva and the skin of the up- 
per eyelid. 

The frontal nerve divides into supraorbital 
and supratrochlear nerves that lie beneath the 
roof of the orbit. The supraorbital nerve 
reaches the scalp after passing through the 
supraorbital notch (foramen) and then divides 
into medial and lateral branches that supply 
the scalp. The supratrochlear nerve runs 
above the pulley of the superior oblique mus- 
cle. The frontal nerve supplies the mucous 
membrane of the frontal sinus, the skin of the 
upper eyelid, the scalp and the forehead. 

The nasociliary nerve leaves the orbit by 
the anterior ethmoidal foramen and then 
changes its name to the anterior ethmoidal 
nerve. It passes over the cribriform plate of 
the ethmoid bone and enters the nose through 
the nasal slit. In the nose it gives off a medial 
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Fig. 42. The trigeminal nerve and the semilunar (Gasserian) ganglion. The lateral wall of the orbit 
has been removed, and the maxillary sinus has been opened. 


branch to the nasal septum and a lateral 
branch which reaches the face after passing 
between the nasal bone and the upper carti- 
lage. This nerve supplies the skin on the lower 
part of the nose. The branches of the nasal 
nerve in the orbit are the twigs to the ciliary 
ganglion, the ciliary nerves to the eyeball and 
the infratrochlear nerve. 

The ciliary ganglion is a small reddish 
body, situated between the lateral rectus and 
the optic nerve; it receives a sensory root from 
the nasociliary branch of the ophthalmic, a 
motor root from the lower division of the ocu- 
lomotor, and a sympathetic nerve from the 
plexus around the internal carotid artery. It 
gives off from 12 to 14 short ciliary nerves 
which supply the muscles and the iris. 

The maxillary division of the trigeminal 
nerve resembles the ophthalmic in that it is 
purely sensory. It leaves the middle cranial 
fossa through the foramen rotundum and 
reaches the pterygopalatine fossa. After cross- 


ing the fossa the nerve leaves by way of the 
inferior orbital fissure to occupy the inferior 
orbital groove and canal. It appears on the 
face at the infraorbital foramen as the infraor- 
bital nerve; here it divides into the following 
terminal branches: a small meningeal branch 
to the dura mater; 2 ganglionic branches to 
the pterygopalatine ganglion; zygomatic 
branches to the orbit through the inferior or- 
bital fissure, which divides into the zygoma- 
ticotemporal and zygomaticofacial branches 
of the zygomatic nerve; posterior superior al- 
veolar to the molar teeth; infraorbital, which 
supply the 3 molars, the canine and the inci- 
sors; and facial, which supply the lower eyelids 
(palpebral), the side of the nose (nasal) and 
the upper lip (labial). 

The pterygopalatine ganglion (Meckel) is 
associated with the maxillary division of the 
5th nerve. The sensory roots of the ganglion 
arise from the maxillary division of the tri- 
geminal nerve, and the motor and the sympa- 
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Fig. 43. Diagram of the trigeminal nerve and the semilunar (Gasserian) ganglion. 


thetic fibers from the nerve of the pterygoid 
canal (Vidian). The branches of the ganglion 
are Orbital (secretomotor fibers to the lacrimal 
gland), pharyngeal, nasal and palatine. 

The mandibular nerve is the largest divi- 
sion of the trigeminal. It consists of a sensory 
portion derived from the trigeminal ganglion, 
and a motor root. These 2 portions pass sepa- 
rately through the foramen ovale but rejoin 
immediately to form a common trunk. After 
giving off a meningeal branch, the nervous 
spinosus, which enters the cranium through 
the foramen spinosum, the trunk furnishes a 
twig to the medial pterygoid and divides into 
anterior and posterior divisions. The anterior 
division consists mainly of motor fibers and 
divides into deep temporal nerves, the nerves 
to the masseter, the lateral pterygoid nerves 
and the buccal nerve. The posterior division 
gives off the 2 roots of the auriculotemporal 
and divides into the lingual and the inferior 
alveolar nerves. The only motor fibers in this 
division are those that form the mylohyoid 
branch of the inferior alveolar. The anterior 
division has been referred to as the lingual 
division, and the posterior has often been 


called the inferior dental. As both of these 
divisions run downward they are concealed 
by the external pterygoid muscle and the ra- 
mus of the mandible and are distributed to 
the tongue, the gums, the lower teeth and 
the muscles of mastication. 

The lingual nerve travels forward to the 
anterior two thirds of the tongue, to which 
it is distributed. 

The inferior alveolar nerve, larger than the 
lingual, enters the mandibular canal through 
the mandibular foramen, passes through the 
ramus and the body of the mandible and dis- 
tributes its branches to the lower teeth. Two 
ganglia—the otic and the submandibular—are 
associated with the mandibular division of the 
5th nerve. The otic is very small and difficult 
to find; it lies immediately below the foramen 
ovale in front of the middle meningeal artery 
and sends muscular branches to the tensor 
tympani and the tensor palatini. The subman- 
dibular (Langley’s) ganglion is also associated 
with the mandibular division, lying on the 
outer surface of the hyoglossus muscle and 
joining the lingual nerve. Although the 5th 
nerve is mainly sensory, it may be tested by 
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utilizing its motor branches to the masseter 
muscle. When the nerve is involved the mas- 
seter will not protrude on the affected side 
if the patient clenches his teeth. 

Trigeminal neuralgia (tic douloureux) ap- 
parently involves only the pain fibers of the 
5th nerve. It may attack the entire nerve or 
some of its branches. The zones most fre- 
quently involved are those supplied by the 
mandibular or maxillary branches. The attacks 
of this painful lesion usually require surgical 
intervention. Some of the procedures used are 
injection of alcohol into the ganglion, extirpa- 
tion of the ganglion, section of the sensory 
root and section of the pain fibers. 


Abducens Nerve (Fig. 44). The 6th cranial 
nerve supplies only one muscle, the lateral 
rectus, which is the muscle that abducts, and 
resembles the 4th nerve in that it is very slen- 
der. It originates at the base of the pons and 
emerges from its lower border. Soon after its 
origin it crosses either superficial or deep to 
the anteroinferior cerebellar artery. This is an 
important relation, because a hardened and 
arteriosclerotic artery in this region may press 
upon the nerve, causing its paralysis. The 
nerve passes almost vertically up the back of 
the petrous portion of the temporal bone, 
where it may be involved in fractures of the 
base of the skull; it then takes a sharp bend, 
enters the cavernous sinus and, after leaving 
the sinus, passes through the superior orbital 
fissure into the orbit with the 3rd and the 4th 
nerves. Involvement of the 6th nerve para- 
lyzes the lateral rectus muscle of the same 
side. This means that the now unopposed me- 


dial rectus can displace the eyeball inward, 
resulting in an internal strabismus. This nerve 
may also be involved in cases of increased in- 
tracranial pressure. 


Facial Nerve (Fig. 45). This nerve is seen 
when the cerebellum is removed. It is the mo- 
tor nerve to the face and contains no cutane- 
ous branches. Leaving the brain at the lower 
border of the pons and accompanying the au- 
ditory 8th nerve into the internal auditory 
meatus, it passes through the temporal bone 
and leaves the skull through the stylomastoid 
foramen. 

In the temporal bone it gives off the great 
superficial petrosal nerve, which sends sen- 
sory fibers to the mucous membrane of the 
soft palate and secretory fibers to the mucous 
glands; the nerve to the stapedius muscle; and 
the chorda tympani, which passes through 
the tympanic cavity, joins the lingual nerve 
and thus supplies taste and sensation fibers 
to the anterior two thirds of the tongue and 
secretory fibers to the submaxillary and sublin- 
gual glands. 

At the exit from the stylomastoid foramen 
the facial nerve gives off the posterior auricu- 
lar nerve and a branch which divides into 2 
twigs supplying the stylohyoid muscle and the 
posterior belly of the digastric. 

The posterior auricular nerve ascends be- 
hind the ear and supplies the posterior and 
the superior auricular muscles and the occipi- 
tal belly of the occipitofrontalis. Having given 
off its branches in the temporal bone and at 
the exit from the stylomastoid foramen, the 
facial nerve supplies its terminal branches to 





Fig. 44. The right abducent nerve (diagrammatic). 
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Fig. 45. The facial nerve. It divides into 2 divisions: 
the temporofacial and the cervicofacial. These give 
rise to the 5 terminal branches which form the 


the face. Here it divides into 2 main divisions: 
a temporofacial and a cervicofacial. A contro- 
versy exists at present as to whether the facial 
nerve runs through the parotid gland or 
whether it passes around the isthmus of the 
gland, thus being “sandwiched” between the 
so-called superficial and deep lobes of the 
gland. In my experience at both the dissecting 
and the operating tables, I usually have found 
that the nerve passes through the gland. This 
is considered more fully on page 127 where 
the parotid gland is discussed. 

The 2 divisions break up into a parotid 
plexus which has been called the pes anserinus 
(goose’s foot). These terminal nerves forming 
the plexus emerge at the anterior border of 
the parotid gland and radiate over the side 
of the face in a fanlike manner (Figs. 95 and 
96). The temporofacial division gives rise to 
2 terminal branches: temporal and zygomatic. 
A temporal branch appears at the upper bor- 
der of the gland and supplies the frontalis mus- 
cle and the facial muscles which are situated 
above the zygoma. The zygomatic branches 
are divided into a smaller upper branch, 
which passes forward from the upper anterior 
border of the parotid to the zygomatic bone 
and supplies the adjoining facial muscle, and 
a lower zygomatic branch, which appears at 


pes anserinus (goose’s foot). Its relations to the 
parotid gland are seen in Figures 95 and 96. 


the anterior border of the gland and runs with 
the transverse facial vessels to the muscles of 
the upper lip and the nose. 

The cervicofacial division gives rise to the 
buccal, the mandibular (marginal) and the 
cervical branches. The buccal nerve appears 
at the anterior border of the gland and sup- 
plies the buccinator and the orbicularis oris 
muscles. The mandibular branch supplies the 
lower lip and the chin. The cervical branch 
appears at the lower border of the gland and 
supplies the platysma and the depressors of 
the lower lip. Intracranial lesions of the facial 
nerve are characterized by involvement of 
only the lower half of the face; cranial lesions 
may result from middle-ear diseases or frac- 
tures of the face or the skull. Extracranial le- 
sions result in facial paralysis, as seen in Bell’s 
palsy, in which condition the involved side 
of the face is flat and expressionless; the pa- 
tient is unable to whistle, blow out his cheeks, 
wrinkle his forehead or show his teeth. In its 
course the facial nerve makes connections 
with the auriculotemporal and the great auri- 
cular nerves. 


Vestibulocochlear (Auditory) Nerve (Fig. 
46). The 8th nerve consists of 2 parts: the 
cochlear, which carries auditory impulses, and 
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Fig. 46. The vestibulocochlear nerve (diagrammatic). 


the vestibular, which has to do with equilib- 
rium. At the lower border of the pons the 
roots are combined into a single trunk which 
leaves the posterior cranial fossa by way of 
the internal auditory meatus, where it divides 
into an upper part with only vestibular fibers. 
The cochlear nerve (the nerve of hearing) is 
distributed to the cochlear duct and the spiral 
organ; the vestibular fibers (the nerve of bal- 
ance) are distributed to the semi-circular 
ducts, the utricle and the saccule. Lesions of 
the 8th nerve may produce complete deafness 
on the same side and a loss of equilibrium. 


Glossopharyngeal Nerve (Fig 47). The 9th 
nerve emerges from the brain in such a way 
that its uppermost rootlets of origin are situ- 
ated just below the 8th nerve, and the lower- 
most are practically continuous with the 10th. 
It passes upward and outward to the jugular 
foramen, through which it leaves the skull. 
In this foramen it is enclosed in a special dural 
compartment, and the 10th and the llth 
nerves and the jugular vein are posterior to 
it. The glossopharyngeal then passes down- 
ward and forward between the internal and 
the external carotid arteries, winds around the 
stylopharyngeus muscle and reaches the un- 
dersurface of the base of the tongue, going 
beneath the hyoglossus muscle. It supplies 
taste and sensations to the posterior third of 
the tongue and supplies the epiglottis, the soft 
palate, the tonsils and the pillars of the fauces. 
Lesions of this nerve produce anesthesia of 
the posterior third of the tongue as well as 
of the pharynx. 


Vagus (Pneumogastric) Nerve (Fig. 48). In 
this nerve the rootlets of origin are continuous 
above with those of the 9th. The nerve leaves 
the cranium through the middle compart- 
ment of the jugular foramen and occupies the 
same sheath of dura as does the accessory 
nerve. The vagus descends between the inter- 
nal carotid artery and the internal jugular 
vein; it enters the carotid sheath and travels 
downward, lying behind and between the 
common carotid artery and the internal jugu- 
lar vein. 

The right vagus passes over the first part 
of the subclavian artery and reaches the tho- 
rax behind the right brachiocephalic (innomi- 
nate) vein. In the superior mediastinum it is 
found to the right of the brachiocephalic (in- 
nominate) artery and the trachea, and poste- 
rior to the superior vena cava. It continues 
along the lateral aspect of the trachea to the 
posterior mediastinum, where it splits into 
several branches at the back of the root of 
the lung; these form the posterior pulmonary 
plexus. From this plexus the vagus continues 
as 2 cords, which pass on to the esophagus 
to unite with the vagus of the opposite side, 
forming the esophageal plexus. The nerve 
leaves this plexus as a single trunk, descending 
behind the esophagus and passing through the 
corresponding opening in the diaphragm to 
become distributed to the posterior surface 
of the stomach. Communicating fibers are fur- 
nished to the celiac, the splanchnic and the 
renal plexuses. 

The left vagus enters the thorax between 
the left common carotid and the subclavian 
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Fig. 47. The glossopharyngeal nerve. Its communications with surrounding nerves are shown. 


arteries, posterior to the left brachiocephalic 
(innominate) vein and the left phrenic nerve. 
After crossing to the left of the aortic arch 
it breaks up at the back of the root of the 
lung into the posterior pulmonary plexus. 
From this plexus the 2 efferent nerves pass 
over the descending thoracic aorta and reach 
the esophagus as the esophageal plexus. The 
continuing nerve passes through the esopha- 
geal orifice and travels over the anterior sur- 
face of the stomach, sending branches into 
the gastrohepatic ligament to form the he- 
patic plexus. The laryngeal nerves that arise 
from the vagus will be discussed in the section 
on the larynx (p. 233). The motor fibers of the 
vagus nerve supply the muscles of the pharynx 
(stylopharyngeus), the palate (tensor palati) 
and all the muscles of the larynx. Inhibitory 
fibers go to the cardiac musculature. The va- 
gus is the motor nerve to all smooth muscle, 
the secretory nerve to most glands and the 
afferent nerve to mucous surfaces of the lower 


part of the pharynx, larynx, trachea, bronchi, 
lungs, esophagus, stomach and gut as far as 
the left colic flexure. It also supplies the liver, 
gall bladder, bile passages and pancreatic 
ducts and possibly the spleen and the kidneys. 
The vagus has the most extensive course and 
distribution of the cranial nerves passing 
through the neck, thorax and abdomen. 
Hence, the derivation of its name, vagus (vag- 
abond), since it travels all over. The most typi- 
cal sign of a lesion of the vagus is paralysis 
of its recurrent laryngeal branch. Such a lesion 
produces an immobile vocal cord fixed in the 
cadaveric position on the affected side. 


Spinal Accessory Nerve (Accessory Nerve) 
(Fig. 49). The llth cranial nerve originates 
partly from the brain and partly from the spi- 
nal cord, hence its name, spinal accessory 
nerve. The cerebral part arises from the me- 
dulla oblongata and leaves in company with 
and below the vagus; the spinal part arises 
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Fig. 48. The right and the left vagus nerves. Al- 
though an esophageal plexus is demonstrated in 
the illustration, nevertheless, it is believed by some 


from the anterior column of gray matter of 
the spinal medulla and leaves the cord as low 
as the 6th cervical nerve. The spinal portion 
ascends in the spinal canal to enter the cra- 
nium through the foramen magnum, joins the 
accessory part and then leaves the skull 
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anatomists that the vagi do not form a true plexus 
in this region, but rather reveal individual nerve 
filaments. 


through the middle compartment of the jugu- 
lar foramen lying posterior to the vagus and 
the glossopharyngeal nerves. It passes over 
the internal jugular vein, beneath the poste- 
rior belly of the digastric muscle, then pierces 
the sternocleidomastoid muscle and runs over 
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Fig. 49. The spinal accessory nerve. 
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the posterior triangle of the neck to enter the 
trapezius. In the sternocleidomastoid it com- 
municates with the 2nd cervical, and in the 
trapezius with the 3rd and the 4th cervical 
nerves. Lesions of this nerve paralyze the ster- 
nocleidomastoid, but paralysis of the trapezius 
varies according to how much of it is supplied 
by the 3rd and the 4th cervicals; also the 
scapula is displaced downward, and its verte- 
bral border is imperfectly approximated to the 
midline when the shoulders are braced back. 
The nerve may be injured in operations on 
the neck, especially in removal of tuberculous 
glands that surround it. 


Hypoglossal Nerve (Fig. 50). This nerve 
leaves the skull through the anterior condylar 
canal and enters the neck behind the internal 
jugular vein and the internal carotid artery; 
it passes beneath the posterior belly of the 
digastric muscle, crosses the external carotid 


artery on the first part of the lingual artery 
and then enters the submandibular triangle. 
At this point it disappears beneath the myloh- 
yoid muscle and runs upon the hyoglossus 
muscle just beneath the submandibular duct. 
Lying medial to the lingual artery, it reaches 
the tongue. 

The descending branch of the 12th nerve 
passes down in the anterior wall of the carotid 
sheath, where it joins with the descending cer- 
vical nerves (2nd and 3rd) to form the ansa 
cervicalis (ansa hypoglossi). The 12th nerve 
is the motor nerve to the tongue and also sup- 
plies the sternohyoid, the sternothyroid and 
the omohyoid muscles. When it is involved, 
the corresponding half of the tongue becomes 
atrophied, and if the patient is asked to pro- 
trude his tongue, the healthy side causes it 
to deviate toward the side that has been pa- 
ralyzed. 
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Chapter 5 


Special Senses 


The Eye and Its Appendages 


Eyelids, Layers and Practical 
Considerations 


The eyelids (palpebrae) are two thin, movable 
folds, the upper being the larger, more mova- 
ble and furnished with a muscle known as the 
levator palpebrae superioris, which elevates 
the lid. Both eyelids are covered by skin super- 
ficially and by mucous membrane (conjunc- 
tiva) over the deep aspect. When the eye is 
opened an elliptical space, the palpebral fis- 
sure, remains between the lid margins. The 
lids are united laterally and medially by corre- 
sponding palpebral ligaments (canthi). The 
lateral palpebral ligament (external canthus) 
is more acute than the medial and is placed 
directly against the globe (Fig. 51). The medial 
ligament, or internal canthus, is prolonged for 
a short distance toward the nose, and here 
the 2 eyelids are separated by a triangular 
space known as the tear lake (lacus lacri- 
malis). This lacus is bounded above and below 
by the lacrimal parts of the eyelid and laterally 
by a crescentic fold of conjunctiva known as 
the plica semilunaris, which is considered as 
a remnant of the third eyelid. In the lacus 
there is a reddish elevation, the caruncle, 
composed of modified skin and containing a 
few fine hairs, sebaceous and sweat glands. 

Near the medial angle of the eye, where 
the eyelids meet, the eyelashes stop abruptly; 
at this point are found rounded elevations 
known as lacrimal papillae. When the eyelid 


is everted the small opening (punctum lacri- 
male) is seen on the summit of each papilla. 
The puncta are in close apposition with the 
conjunctivae, and each leads into the lacrimal 
canaliculus (duct), which passes medially to 
the lacrimal sac. The eyelashes arise from the 
mucocutaneous junction of the lids, and di- 
rectly behind them the opening of the tarsal 
gland can be seen. The eyelids have 6 layers 
(Fig. 52). 


Skin. The skin of the eyelids is extremely 
thin; there probably is no thinner skin at any 
other place in the body. The eyelashes project 
from the lid margin at the mucocutaneous 
border. Associated with these hairs are seba- 
ceous glands, called the glands of Zeis, which 
open into each hair follicle. The glands of 
Moll are sweat glands and likewise open into 
or beside the hair follicles. When the ducts 
of either of these glands become obstructed 
an inflamed swelling occurs known as a Sty. 


Loose Subcutaneous Tissue Layer. This sub- 
cutaneous tissue layer is extremely loose and 
easily distended with blood or exudate so that 
any effusion into it becomes apparent immedi- 
ately. There is little or no subcutaneous fat 
in the eyelids. 


Layer of Striped Muscle. The layer of striped 
muscle is made up of the palpebral fibers of 
the orbicularis oculi muscle. It acts as the 
sphincter of the palpebral fissure. (The levator 
palpebrae situated in the upper lid is attached 
along the upper margin of the tarsal plate.) 
The 7th cranial nerve (facial) supplies the or- 
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Fig. 51. The right eye and the lacrimal apparatus. 


bicularis oculi muscle, which is used in closing 
the eyelid and in making certain facial expres- 
sions. An injury to the nerve may cause paraly- 
sis of the muscle and cause, in turn, retraction 


of the upper lid and complete exposure of 
the iris, retraction of the lower lid from the 
eyeball (ectropion) and improper drainage of 
tears (epiphora). 
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Fig. 52. Diagram of the 6 layers that form the eyelids. 
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Areolar Layer (Submuscular). The sensory 
nerves lie in this layer; therefore, in producing 
anesthesia of the lid it is necessary to inject 
deeply to the orbicularis muscle. This areolar 
space is continuous above with the dangerous 
area of the scalp. 


Tarsal Plate. The tarsae are 2 thin plates of 
dense connective tissue about 1 inch long; 
they are present in each eyelid. They contrib- 
ute to the form and the support of the lids 
and are connected with the lateral wall of the 
orbit by the lateral (external) tarsal ligament 
and with the medial wall by the medial (inter- 
nal) tarsal ligament. The tarsae are further 
connected with the upper and the lower or- 
bital margins by an aponeurotic layer of con- 
nective tissue called the palpebral fascia (or- 
bital septum). The superior tarsal plate 
receives the main insertion of the levator 
palpebrae superioris. The Meibomian seba- 
ceous glands (tarsal glands) are located in the 
plate proper and are identified as yellow 
streaks when the lid is examined from the con- 
junctival side. These glands open on the lid 
margin, and their secretion guarantees an air- 
tight closure of the lid, thus preventing macer- 
ation of the skin by tear moisture. An ob- 
structed hair follicle (sty) will protrude on the 
front of the lid but an obstructed tarsal (Mei- 
bomian) gland or chalazion will protrude onto 
the globe of the eye as a tarsal cyst. 


Conjunctiva. This layer of mucous mem- 
brane attaches the eyeball to the lid. The lines 
along which the reflection of the conjunctiva 
takes place from lid to eyeball are termed the 
superior and the inferior fornices. The area 
where the conjunctiva lines the posterior sur- 
face of the lid is known as the palpebral con- 
junctiva, and where it covers the globe of the 
eye it is called the bulbar conjunctiva. The 
conjunctiva is firmly adherent to the tarsal 
plate but is loosely attached to the sclera over 
the globe of the eye. 

The arterial supply of the lids is derived 
from the superior and the inferior palpebral 
branches of the ophthalmic artery, which 
form a rich vascular anastomosis. The veins 
of the lids drain into the ophthalmic veins by 
way of subconjunctival or retrotarsal veins. 
The lymphatics drain laterally to the preau- 


ricular glands and medially to the facial and 
the submaxillary groups. The chief motor 
nerve of the lids is the facial to the orbicularis 
oculi muscle; if this nerve is injured, it impairs 
the important sphincter action of the muscle 
in closing the lids. The oculomotor nerve sup- 
plies the levator palpebrae muscle, and in the 
event of its paralysis, a ptosis or inability to 
lift the lid results. The cutaneous nerve supply 
to the eyelid is via branches of the ophthalmic 
and maxillary nerves. 

Lacerations involving the upper eyelid, the 
eyelid margin or the medial canthal region 
must be checked carefully. If a laceration of 
the upper eyelid involving the levator muscle 
is not detected, ptosis may result. Extreme 
care is needed in repairing eyelid margin 
lacerations to prevent notching of the eyelid 
causing entropion and or ectropion. Vertical 
lacerations are more difficult to repair than 
are the horizontal ones. When the medial as- 
pect of the eyelid is lacerated, the lacrimal 
excretory system must be checked as these 
lacerations may tear through the punctum, 
lacrimal sac or canaliculus. 


Lacrimal Apparatus 


The lacrimal apparatus consists of the lacrimal 
glands, 2 lacrimal ducts, the lacrimal sac and 
the nasolacrimal duct (Figs. 51 and 53). 


Lacrimal Gland. This gland is situated in a 
depression in the superolateral angle of the 
orbit; it is oval in shape, about the size and 
the shape of an almond, and is divided by the 
aponeurosis of the levator palpebrae supe- 
rioris into 2 portions: a superior and an inferior. 
The superior or orbital portion is longer and 
is fixed to a depression in the orbital plate 
of the frontal bone. In front it lies against the 
orbital septum, through which access is gained 
for removal of this portion of the gland. Be- 
hind, it rests on the tendon of the levator 
palpebrae muscle. The inferior or palpebral 
portion is smaller and joins the orbital portion 
behind. It lies on the palpebral conjunctiva, 
to which it is adherent and through which 
its ducts open. These 2 portions of the glands 
pour tears into the upper fornix by means of 
8 to 12 tiny ducts. The tears travel over and 
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Fig. 53. The lacrimal apparatus. The right half of the upper eyelid and part of the right frontal bone 


and the nose have been removed. 


lubricate the eyeball, pass into the lacrimal 
ducts to the lacrimal sac, then down the naso- 
lacrimal duct and into the nose. 


Lacrimal Ducts (Canaliculi). These ducts are 
situated one in each eyelid, starting at tiny 
orifices called the puncta lacrimalia. The 
ducts are about 1 cm. long, passing first verti- 
cally and then almost horizontally inward to 
join the lacrimal sac. The course of the duct 
is important to know when one is attempting 
to pass a probe. 


Lacrimal Sac. This is situated in the lacrimal 
fossa formed by the frontal process of the su- 
perior maxilla and the lacrimal bone. The 
dome of the sac, known as the fundus, projects 
above the internal tarsal ligament. This liga- 
ment may be rendered prominent by drawing 
on the skin laterally; immediately behind it 
the sac will be found. 


Nasolacrimal Duct. This duct is the down- 
ward continuation of the lacrimal sac. It is 
about % inch long and descends in a bony 
groove that is formed by the superior maxilla, 
the lacrimal and the inferior turbinate bones. 
In the region of the maxilla the duct is in close 
contact with the maxillary sinus; its direction 
is backward, outward and downward and may 
be identified by a line from the inner angle 
of the eye to the first upper molar tooth of 
the same side. The continuity of the duct with 
the mucous membrane of the nose explains 
the extension of diseases from the nose into 
the lacrimal passages. Its opening in the nose 
is under cover of the anterior part of the infe- 
rior nasal concha. 


Surgery of the Gland, the Sac and the Ducts. 
Although infections and tumors of the lacri- 
mal gland are somewhat unusual, involve- 
ment of the tear-conducting passages is com- 
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mon. This is known as dacryocystitis. As a 
rule, some obstructing agent in the nasolacri- 
mal duct is the cause of the inflammatory pro- 
cess. Obstruction of the duct may be produced 
by infections of the nasal fossa or the paranasal 
sinuses. A prominent symptom in all diseases 
of the tear-conducting apparatus is epiphora 
or tearing. 

Normally, the lacrimal duct admits a probe 
about 3.5 mm. in diameter, which can be 
passed medially through the lower punctum. 
Probing has been used to relieve obstructions, 
but it should not be attempted in inexperi- 
enced hands. If this procedure fails, then more 
radical ones may be advised, such as establish- 
ing a communication between the sac and the 
middle nasal passage (Toti’s operation) or ex- 
tirpation of the lacrimal sac. 

Removal of the lacrimal sac is performed 
as a last resort in persistent cases of dacryo- 
cystitis. The incision begins at a point about 
3 mm. above and internal to the inner canthus 
and is carried downward and outward about 
l inch. After division of the skin, the margins 
are dissected, and an attempt is made to locate 
the anterior lacrimal crest. The fascia is in- 
cised, and when the sac is exposed, it is sepa- 
rated from the periosteum of the lacrimal 
fossa. The ducts are divided, the extremities 
of the sac freed and excised as low as possible 
in the nasolacrimal duct. 

Excision of the lacrimal gland is reserved 
for those cases where the lacrimal sac has been 
removed, leaving no channel for drainage of 
tears and resulting in troublesome watering 
of the eye. Excision of the superior portion 
of the gland may be made through a curved 
incision parallel with the outer half of the or- 
bital margin. The incision passes through the 
skin, the connective tissue and the orbital fas- 
cia down to the periosteum. The wound edges 
are retracted, bringing into view the lacrimal 
gland, which is grasped by forceps and 
brought as far into the wound as possible. 
Then the gland is freed, and the lacrimal ar- 
tery is clamped and ligated. To remove the 
inferior or accessory lacrimal gland, a small 
horizontal incision is made over the contour 
of that gland. Retraction of the wound edges 
brings the gland into view; then it is dissected 
from its bed and removed. 


Orbit 


The orbital cavity has been likened to a qua- 
drilateral pyramid, the base being in front, 
and the summit behind (Fig. 8). The orbits 
are bony cavities, situated between the ante- 
rior portion of the cranium and the face, and 
are separated by the nasal fossa. Each orbit 
contains the globe of one eye and its append- 
ages. The orbital cavity is closed in front by 
the eyelids, which are separated from the 
globe of the eye by folds of conjunctiva. The 
eyeball occupies the anterior part of the orbit, 
and the posterior portion is filled with fat, fas- 
cia, muscles, vessels and nerves, which are ap- 
pendages of the eye. The anterior and the 
posterior portions are divided from each other 
by the fascial sheath of the eyeball, the so- 
called capsule of Tenon (p. 83), which is the 
membranous sac enveloping the posterior 
portion of the eyeball and forming a socket 
in which it moves. The walls of the orbit are 
very thin and are lined with periosteum, 
called periorbita, which is continuous through 
the optic foramen with the dura mater. Patho- 
logic effusion may detach the periosteum from 
the bone, since it is attached loosely. At the 
lacrimal groove it splits to enclose the lacrimal 
sac. The 4 walls are in contact with 4 fossae: 
the anterior cerebral above, the maxillary si- 
nus below, the nasal medially and the tempo- 
ral laterally. Therefore, involvement of the 
orbital cavity may encroach upon any of these 
4 regions, and vice versa. Since, with the ex- 
ception of its frontal aspect, the orbit is sur- 
rounded by bone, tumors developing here will 
take the path of least resistance and push the 
eyeball forward, producing the condition of 
exophthalmos. The part of the orbit most sus- 
ceptible to injury from trauma is the “weakest 
area,” which is located in the orbital floor (Fig. 
54). Orbital floor fractures can result from 
blunt trauma to the globe. There may be en- 
trapment of the extraocular muscles in the 
fracture site even if the eyeball has not been 
severly injured. Orbital fat fills that part of 
the orbit that is not occupied by other struc- 
tures. When a blow-out fracture of the orbital 
floor occurs, the orbital fat may prolapse into 
the maxillary antrum and the inferior oblique 
and inferior rectus muscles may herniate into 
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Fig. 54. The weakest area of the orbit. The orbital 
floor is most susceptible to injury from trauma. Or- 
bital floor fractures can result from blunt trauma 


the fracture site (Fig. 55). Routine roentgeno- 
grams rarely reveal the presence of these frac- 
tures. 


Lateral, Temporal and Intracranial Ap- 
proaches. Kronlein’s operation affords a lat- 
eral temporal orbital approach to the retro- 
ocular space and is a procedure by which an 
orbital tumor may be removed, leaving the 
eye in place. An appropriate incision which 
extends to the bone is made, the central part 
of the incision exposing the orbital margin. 
The periosteum is separated from the outer 
wall of the orbit, and the contents of the latter 
are retracted gently. The sphenomaxillary fis- 
sure is located and marked. An incision 
through the bone is then made by means of 
a chisel or an electric saw from a point a little 
above the external angular process of the fron- 
tal bone extending to the anterior end of the 
fissure; a 2nd incision extends from the base 
of the orbital process of the malar bone back- 
ward to the same point. The resulting wedge- 
shaped piece of bone can be swung outward, 
exposing the periosteum lining the lateral wall 
of the orbit, thus permitting exploration of 
the orbital contents. If greater access is re- 
quired, the external rectus muscle can be di- 





to the bone even if the eyeball is not severely in- 
jured. 


vided and later united. After removal of the 
tumor, the bone is rotated into place, the 
periosteum is sutured, and the skin incision 
is sewed in the usual manner. 

For orbital decompression, Naffziger and 
Jones have described an intracranial ap- 
proach to the orbit. The operation gives ade- 
quate space for such conditions as progressive 
exophthalmos. In this procedure bilateral 
frontal flaps are resected, the dura is elevated 
over the frontal lobe, and the roof of the orbit 
is removed, together with the superior portion 
of the optic foramen. The projection of the 
frontal and the ethmoidal sinuses into the or- 
bital plate should be determined preopera- 
tively by means of roentgenograms. Any or- 
bital contents under pressure bulge through 
the newly made opening in the bone. Also, 
the orbital fascia is opened. This approach has 
been utilized in operative procedures involv- 
ing the retroocular space. 


Eyeball 


The eyeball is situated in the anterior part 
of the orbit, nearer the roof than the floor, 
and somewhat closer to the outer than the 
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Fig. 55. Herniation of orbital fat and intraocular muscles through a fracture in the weak spot of the 
orbital cavity. This frequently leads to diplopia and enophthalmos. 


inner wall. It is approximately 1 inch in all 
diameters. Behind, it rests upon the capsule 
of Tenon, which forms a socket in which it 
may move freely; in front, it comes in contact 
with the posterior surface of the eyelid. It has 
least protection on its outer side. 


Coats and Media. The eyeball consists of 3 
coats which enclose 3 refractive media (Fig. 
56). The first coat is fibrous and contains the 
sclera and the cornea; the 2nd is pigmented 
and contains the choroid, the ciliary body and 
the iris; the 3rd coat is nervous and contains 
the retina. The refractive media are the aque- 
ous humor, the vitreous humor and the lens. 

Sclera. The sclera forms a tough fibrous ex- 
ternal capsule which encloses the posterior 
five sixths of the eyeball and is continuous in 
front with the cornea. Although it is a thick, 
nondistensible membrane, it thins out where 
the optic nerve enters and becomes a sieve- 
like membrane called the lamina cribrosa. 
Around the entrance of the optic nerve, sev- 
eral small openings are seen; these permit pas- 
sage of the ciliary nerves and arteries. These 


arteries arise from the posterior ciliary 
branches of the ophthalmic artery. The long 
ciliary branches pass between the choroid 
and the sclera to supply the iris and the ciliary 
regions; the short ciliary arteries terminate 
in the choroid. The smaller veins come to- 
gether to form 4 or 5 main trunks, the venae 
vorticosae, which perforate the sclera and 
leave it midway between the cornea and the 
optic nerve where they drain into the oph- 
thalmic veins. Beyond the margin of the cornea, 
the sclera can be seen through the conjunc- 
tiva as the “white” of the eye. The anterior 
ciliary arteries pierce the sclera near the cor- 
neoscleral junction (Fig. 65). 

Cornea. This anterior transparent part of 
the outer coat of the eyeball occupies about 
one sixth of the circumference of the globe 
and is continuous with the opaque sclera. It 
has been likened to a little watch glass whose 
curvature is greater than that of the sclera. 
It has no blood vessels but derives its nutrition 
from the lymph which circulates in its numer- 
ous lymphatic spaces. At the corneoscleral 
junction is an important line known as the 
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Fig. 56. Horizontal section of the right eye. The eyeball has 3 coats (fibrous, pigmented and nervous) 
and 3 refractive media (aqueous humor, vitreous humor and lens). 


limbus. In operations on the iris and the lens, 
incisions are made close to it. The superficial 
surface of the cornea is covered by a layer 
of stratified epithelium that is continuous with 
the conjunctiva; posteriorly, it is limited by 
a limiting lamina (posterior elastic) membrane 
(Descemet’s membrane) which is covered by 
a layer of mesothelium, this being in contact 
with the aqueous humor (Fig. 57). At the pe- 
ripheral margin the fibers of this membrane 
divide into 3 groups: the innermost fibers turn 
medially into the iris and form the ligamen- 
tum pectinatum iridis, which have been re- 
ferred to as the pillars of the iris; the middle 
fibers form the site of origin of the ciliary mus- 
cle; the outermost fibers become continuous 
with the sclera. At the corneoscleral junction 


a circular venous space is seen; this occupies 
the region of the anterior chamber in the 
deeper part of the coat. It is known as the 
sinus venosus sclerae (canal of Schlemm); it 
communicates with the scleral veins and with 
the aqueous humor, the latter communication 
taking place through the iridocorneal angle 
(Fontana). The cornea is supplied by the 
ophthalmic division of the 5th nerve via sur- 
rounding conjunctival and ciliary branches. 
These nerves give the warning of an injury 
or a foreign body in the eye. If this nerve 
should be injured or divided, as in removal 
of a Gasserian ganglion, the cornea becomes 
insensitive, may ulcerate, and eventually the 
eye may be lost. 

The second coat of the eyeball is the vascu- 
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Fig. 57. Sagittal section through the upper half and the front of the eyeball. 


lar tunic, which consists, from behind forward, 
of the choroid, the ciliary body and the iris, 
all of which are continuous with each other 
and, therefore, are often affected simulta- 
neously. This layer has also been referred to as 
the iridociliary-choroidal tunic or the uveal 
tract. 

Choroid. The choroid extends from the op- 
tic nerve to the ora serrata, the latter being 
the jagged edge where the true retina ends. 
Externally, the choroid is in contact with the 
sclera; internally, it is attached to the retina. 
It is the nourishing coat of the eyeball and 
is composed mainly of blood vessels; its inter- 
nal layer contains pigment cells which may 
give rise to melanosarcoma. The vessels in the 
choroid may be visible in ophthalmoscopic ex- 
aminations; in the fundus of the eye they pro- 
duce the red background against which the 
retinal vessels stand out. The veins of the cho- 
roid are external to the arteries and form 4 
or 5 principal trunks, the venae vorticosae. 

A severe injury to the eyeball can produce 


a rupture of the choroid which may at first 
be obscured by associated retinal hemorrhage. 

Ciliary body. This consists of the ciliary 
muscle and the ciliary processes. The body 
is triangular on sagittal section and is a contin- 
uation of the choroid, which it connects to 
the margin of the iris. The body has been re- 
ferred to as the “dangerous area” of the eye, 
since wounds here can involve the iris, the 
choroid, the retina or the cornea. Infamma- 
tion of the body in one eye may be followed 
by sympathetic ophthalmia involving the cili- 
ary body of the opposite eye. The ciliary mus- 
cle makes up the outer side of the triangle 
of the ciliary body and consists of flat bundles 
of unstriped muscle, the outermost running 
anteroposteriorly and the inner circularly. 
The nerve to this muscle originates from the 
oculomotor. The fibers of the muscle run back- 
ward from the corneoscleral junction to the 
choroid; when they contract they pull the cho- 
roid forward, thus relaxing the suspensory 
ligament, which in turn allows the lens to be- 
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come more convex. Therefore, the ciliary 
muscle is the muscle of accommodation. 

Ciliary processes. These processes, about 
70 in number, are of the same structure as 
the rest of the choroid and consist essentially 
of blood vessels that are forward continuations 
of those of the choroid. They also have a con- 
siderable amount of pigment and some gland- 
like structures which, according to one theory, 
are supposed to form the aqueous humor. 

Iris. The iris corresponds to the diaphragm 
of a camera and has a central opening, the 
pupil, which regulates the amount of light 
to reach the retina. The iris separates the ante- 
rior chamber of the eye from the posterior 
and has been called a “curtain” which divides 
the space between the cornea and the lens 
into anterior and posterior chambers. It is visi- 
ble through the cornea, and the pigment in 
it determines the color of the individual’s eye. 
It is attached at its periphery to approximately 
the middle of the anterior surface of the ciliary 
body and does not arise from the corneoscleral 
junction but farther back. This fact is utilized 
in a number of operations in this region. 

The iris is composed of a delicate stroma 
of connective tissue which contains blood ves- 
sels, nerves, pigment cells and 2 groups of in- 
voluntary muscle fibers. The first set of muscle 
fibers is the circular sphincter group (sphinc- 
ter pupillae), contraction of which narrows the 
pupil. The nerve supply is by the oculomotor 
via the short ciliary nerves. This first set of 
muscle fibers is approximately 1 mm. broad 
and is situated around the pupillary margin. 
The 2nd group is a less clearly defined dilator 
set of muscles (dilator pupillae) which lies near 
its posterior surface. Its fixed point is at the 
root of the iris, and it is supplied by the sympa- 
thetic nerves. In inflammatory lesions that af- 
fect the iris (iritis), adhesions may form either 
in front of the cornea (anterior synechia) or 
posteriorly to the capsule of the lens (posterior 
synechia). The vessels to the iris arise from 
the long and the short anterior ciliary arteries. 
The nerve supply is derived from the long 
and the short ciliary nerves. 

Retina. The expanded termination of the 
optic nerve forms the innermost coat of the 
eye. It should be considered as a part of the 
brain, since it arises from a hollow outgrowth 


of the forebrain. Therefore, the optic nerve 
is a nerve tract that connects one part of the 
brain with another. It extends forward almost 
as far as the ciliary processes, at which point 
it ends in an irregular edge known as the ora 
serrata. From this point forward it continues 
as a thin layer as far as the ciliary processes. 
This prolongation contains no nerve fibers and 
is known as the ciliary part of the retina. The 
retina is attached to the choroid at only 2 
points: the entrance of the optic nerve and 
the ora serrata (Figs. 58 and 59). This accounts 
for its easy separation from the choroid. Under 
normal conditions the retina is transparent 
and not visible, making the subjacent choroid 
visible as the red background of the eye as 
seen through the ophthalmoscope (Fig. 58). 
The point of entrance of the optic nerve is 
known as the optic disk (papilla); this is lo- 
cated a little below and to the medial side 
of the posterior pole of the eyeball. The nor- 
mal disk presents a slight central depression, 
the physiologic cup or excavation, which 
marks the point of divergence of entering op- 
tic nerve fibers and the entry of retinal vessels. 
At the edge of the disk a variable amount of 
pigment is normally present. The disk is con- 
sidered as the physiologic “blind spot” of the 
retina. The macula lutea (yellow spot) is 
found above and to the lateral side of the disk 
and forms a yellowish, circular area that is 
devoid of blood vessels. In contradistinction 
to the disk, it is the area of “most distinct vi- 
sion.” The macula is from 1 to 2 mm. in diame- 
ter and has in its center a tiny depression 
called the fovea centralis. The central artery 
of the retina is a branch of the ophthalmic, 
entering the optic nerve about 2 cm. from 
the eyeball and running within it as far as 
the retina, which it enters about the middle 
of the disk. In the fetus this vessel extends 
as far as the lens and passes through the vitre- 
ous, but previous to birth that position which 
is beyond the retina disappears and remains 
as the hyaloid canal (Fig. 58). After emerging 
through the disk, the central artery divides 
into superior and inferior branches, each of 
which subdivides into temporal and nasal 
branches. The branches and the central artery 
are end vessels; if an embolus plugs them, sud- 
den blindness results. Because of the transpar- 
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Fig. 58. (A) The right eyeground. (B) Horizontal section of the terminal part of the optic nerve and 


its entrance into the eyeball. 


ency of the retina, these vessels are clearly 
visible through the ophthalmoscope and af- 
ford an ideal opportunity for study. The veins 
follow the same distribution as the arteries, 
are somewhat broader and empty into the 
ophthalmic veins that form the cavernous si- 
nus in the retro-orbital region. Pulsation is 
normal in these veins but is rot normal in 
the arteries. The retina proper consists essen- 
tially of nuclei and processes of 3 layers of 
nervous tissue which have been placed one 
on top of the other and form synapses. They 
have been referred to as the visual cells (rods 
and cones), the bipolar cells and the ganglion 
cells. 

Detachment of the retina results in blind- 
ness in the corresponding field of vision. Oper- 
ations have been devised to reattach it. It is 
believed that the detachment takes place be- 


tween the neurosecretory layer of the retina 
and pigmented epithelium. The type of opera- 
tion depends on the extent of the detachment. 
If there is a hole in the retina, cryosurgery 
and photocoagulation are advised; more ex- 
tensive procedures are needed if the separa- 
tion is complete. 

Aqueous Humor (Figs. 55 and 56). This 
clear fluid occupies the space between the cor- 
nea in front and the lens behind. The iris di- 
vides this space into 2 chambers: anterior and 
posterior. The anterior chamber is bounded 
in front by the cornea, behind by the iris and 
opposite the pupil by the anterior part of the 
lens. The posterior chamber is situated be- 
tween the posterior aspect of the iris and the 
lens. The aqueous humor that fills these 2 
chambers should be regarded as the lymph 
of the eye, although its composition is not that 
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Fig. 59. The orbital fascia and its principal parts (Tenon’s capsule, check ligaments and muscle sheaths). 


of true body lymph, since it contains less albu- 
min and does not clot unless pathologically 
altered. The 2 chambers communicate freely 
with each other through the pupil. It is be- 
lieved that the aqueous humor is secreted into 
the posterior chamber by the ciliary body and 
then passes through the pupil into the anterior 
chamber, from which it is drained away by 
the sinus venosus sclerae (canal of Schlemm) 
to the anterior ciliary veins. Interference with 
reabsorption of the aqueous humor into the 
sinus venous sclerare results in increased in- 
traocular pressure—glaucoma. 

Vitreous body. This soft, gelatinous sub- 
stance fills the whole of the eyeball behind 
the lens. This jellylike material supports the 
retina behind and is hollowed in front for the 
reception of the lens. It is enclosed in a deli- 
cate and transparent structure called the 
hyaloid membrane, which is in contact with 
the retina but from which it may be separated 
readily except at the optic disk. As this mem- 
brane passes anteriorly, it becomes thickened 
and irregular where it receives the ciliary pro- 
cesses that fit into its corresponding furrows. 
At the margin of the lens the membrane di- 
vides into a posterior layer, which lines the 


hollowed anterior aspect of the vitreous body, 
and an anterior layer, which is attached to 
the anterior aspect of the lens. The hyaloid 
canal extends from the optic disk through the 
vitreous as far as the capsule of the lens and 
is the remnant of a passage for the central 
artery of the retina that was present in the 
fetus. Unlike the aqueous humor, the vitreous 
body is not replaced. Hence, one must guard 
against its loss during intraocular operations. 

Lens. This biconvex, transparent, colorless 
body is situated between the aqueous humor 
in front and the vitreous body behind. It is 
in contact with the iris anteriorly and is about 
one third of an inch in diameter and one fifth 
of an inch thick. A capsule surrounding it is 
attached to the ciliary processes in the neigh- 
borhood of its circumference by the suspen- 
sory ligament (zonula ciliaris). The latter is 
derived from the hyaloid membrane. Contrac- 
tion of the ciliary muscle draws the hyaloid 
membrane forward; this relaxes the suspen- 
sory ligament, resulting in a greater convexity 
of the anterior surface of the lens. The ability 
of the lens, by virtue of its elastic structure, 
to change its refractive power is known as 
the power of accommodation. Loss of such 
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elasticity is known as presbyopia. The lens 
may be displaced anteriorly into the aqueous 
chamber, from which location it can be re- 
moved through a corneal incision; it may be 
displaced posteriorly into the vitreous cham- 
ber, usually resulting in glaucoma. If the sclera 
is ruptured, the lens can be seen immediately 
below the conjunctiva. Opacity of the lens re- 
sults in cataract formation. 


Orbital Fascia (Tenon’s Capsule) 


Orbital fascia (Fig. 59). This thickened, apo- 
neuroticlike connective tissue suspends the 
structures of the orbit. It extends from the 
optic foramen forward to the circumference 
of the orbit, blends with the periosteum and 
gives rise to prolongations that ensheath al- 
most every structure contained in the bony 
orbit. The principal parts of the aponeurosis 
are the fascia of the bulb (Tenon’s capsule), 
sheaths of the muscles and check ligaments. 


Fascia of the Bulb. This reduplication of the 
orbital fascia surrounds the posterior two 
thirds of the eyeball. It surrounds the optic 
nerve behind, merges into its sheath and fur- 
nishes tubular sheaths to the orbital muscles 
where they attach to the globe. Anteriorly, 
it is in contact with the outer surface of the 
sclera; posteriorly, it is in relation to the orbital 
fat. The fascia is important because (1) it forms 
a partition that divides the orbital cavity into 
anterior and posterior compartments; (2) it 
provides a practical joint in which the eyeball 
moves like the head of a bone; (3) it permits 
an enucleation of the eye without opening the 
posterior compartment and therefore lessens 
the danger of meningeal infection; (4) it acts 
as a barrier to the spread of infection or hem- 
orrhage between the eyeball and the retro- 
ocular space; (5) it is an efficient socket for a 
prosthesis (artificial eye) after enucleation of 
the eyeball. 

At that point where the lateral and the me- 
dial recti perforate the fascia, strong capsular 
expansions spread to the corresponding walls 
of the orbit. This arrangement checks lateral 
and medial rotation of the eye, hence the 
name “check ligaments.” These ligaments are 
of surgical importance because they limit the 


degree of retraction of the muscles after an 
enucleation of the eyeball or a tenotomy. They 
are connected to each other by a thickened 
hammock of fascia that is situated below the 
eye. This thickened part is known as the sus- 
pensory ligament of Lockwood. This band, 
with the orbital periosteum, aids in the sup- 
port of the eyeball after excision of the maxilla; 
therefore, it should be identified and pre- 
served. The posterior compartment of the or- 
bit or that part that is behind Tenon’s capsule 
contains the muscles of the eye, the 
ophthalmic artery and vein, the nerves of the 
orbit and fat. 


Muscles 


The 7 voluntary muscles of the orbit (Fig. 60) 
include the 4 recti (superior, inferior, medial 
and lateral), the 2 obliqui (superior and infe- 
rior) and the levator palpebrae superioris. Six 
of the 7 orbital muscles arise from the margins 
of the optic foramen, each by a single head, 
except the lateral rectus, which has 2 heads. 
A common tendinous ring is found around the 
circumference of the optic foramen for the 
origin of these muscles. The lower inner por- 
tion of this ring is known as the ligament of 
Zinn. From this tendinous ring the muscles 
spread forward forming a muscular cone that 
envelopes the globe. The optic nerve and 
ophthalmic artery enter this “cone” through 
the optic foramen (Fig. 61). 


Rectus Muscles. The 4 rectus muscles insert 
into the sclera as at the 4 points of the com- 
pass, the tendon of each piercing the fascia 
bulbi (Tenon) as it inserts. They pass forward 
from their common origin at the tendinous 
ring to form a conelike muscular capsule for 
the optic nerve and the posterior half of the 
eyeball. The lateral rectus pulls the eye later- 
ally (outward), and the medial does the re- 
verse. However, the actions of the superior 
and the inferior recti are not so simple. Be- 
cause of the relationship to the vertical axis 
and the line of pull, the superior rectus does 
not produce pure upward movement but a 
combination of upward and medial rotation. 
In a similar manner the inferior rectus pro- 
duces a combination of downward and medial 
rotation (Fig. 62). 
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Fig. 60. The muscles of the orbit. (A) Viewed from 
above, with the orbital roofs removed; on the right 
side, the orbital fat has been dissected away. (B) 
Left side, lateral view with the muscles intact. (C) 


Superior Oblique Muscle. This muscle arises 
a little above the upper margin of the optic 
foramen. It passes to the inner angle of the 
orbit, where it becomes a rounded tendon, 
and continues through the fibrocartilaginous 
ring (pulley) that is situated in the trochlear 
fossa. It then makes a sharp hairpin turn, 
passes beneath the superior rectus and inserts 
into the outer and posterior part of the globe 
of the eye, either between the superior and 
the lateral recti muscles or under the superior 
rectus. Contraction of this muscle rotates the 
eyeball so as to make the pupil look down- 
ward, but in addition to this it produces a cer- 
tain degree of lateral rotation. Pure down- 





i Lgvator 


Left side, lateral view; the levator palpebrae supe- 
rioris and the lateral rectus muscles have been se- 
vered. The optic nerve has also been cut, revealing 
the medial rectus muscle. 


ward rotation of the eyeball can be produced 
only when the superior oblique and the infe- 
rior rectus work together (Fig. 63). 


Inferior Oblique Muscle. This muscle arises 
from the orbital floor just lateral to the open- 
ing of the nasolacrimal canal and inserts either 
under the lateral rectus or between the lateral 
and the superior recti. Its action makes the 
pupil look upward and lateral. If it is desired 
to look straight upward, the inferior oblique 
and the superior rectus must work together 


(Fig. 63). 


Levator Palpebrae Superioris Muscle. This 
muscle is situated immediately under the or- 
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Fig. 61. The origin of the seven extraocular mus- 
cles from the tendinous cuff and the musculature 
nerve supply. The fourth nerve supplies the supe- 


bital roof. It arises from this roof anterior to 
the optic foramen and inserts into the upper 
lid. Its fibers fuse with the orbital septum and 
the upper border of the superior tarsal plate 
and skin. Its action is to raise the lid, thus 
working in opposition to the orbicularis oculi 
muscle. The orbicularis has been considered 
as the sphincter, and the levator as the dilator 
of the eye. 


Vessels and Nerves 


Ophthalmic Artery (Figs. 64 and 65). This 
vessel arises from the internal carotid immedi- 
ately after the latter leaves the cavernous si- 
nus. It passes forward through the optic fora- 
men below and lateral to the optic nerve. In 
the orbit the artery turns around the lateral 
side of the nerve, crosses directly above it and 
then travels forward, parallel with the nasocil- 
iary nerve. It ends at the medial angle of the 
eye by dividing into the supraorbital and the 
supratrochlear branches. The branches of the 
ophthalmic artery are: 

The central artery of the retina (arteria cen- 
tralis retinae) (Fig. 65), arising from the 
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rior oblique muscle, and the sixth nerve supplies 
the lateral rectus muscle. The remaining five mus- 
cles are supplied by the third cranial nerve. 


ophthalmic while it still lies below the optic 
nerve, runs in the substance of the nerve to 
the optic disk, where it divides into branches 
that supply the retina. These are end arteries 
and can be identified in the living eye with 
the ophthalmoscope. 

The ciliary arteries form a posterior and 
an anterior group. The posterior group rami- 
fies in the choroid coat; two of them, the long 
posterior ciliary arteries, run forward to the 
ciliary zone, where they form an anastomotic 
circle with the anterior ciliaries. The anterior 
group pierces the sclera near the corneo- 
scleral junction, thus forming an arterial ring 
that supplies branches to the ciliary body and 
iris. 

The supratrochlear and supraorbital ar- 
teries leave the orbit with the supratrochlear 
and the supraorbital nerves, respectively. 
They supply the superficial tissues of the fore- 
head where they anastomose with branches 
of the superficial temporal (external carotid) 
artery. 

The ophthalmic artery also gives off muscu- 
lar and palpebral branches and a branch to 
the lacrimal gland. 
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Ophthalmic Veins (Fig. 31). These are 2 in 
number: the superior and the inferior. The 
superior ophthalmic vein accompanies the ar- 
tery. Beginning at the union of the supra- 
trochlear and the supraorbital veins and anas- 
tomosing with the anterior facial vein, it 
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Fig. 63. The superior and inferior oblique muscles showing their actions as seen from above. 
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Fig. 62. The action of the four recti muscles as seen from above the orbits. 


passes through the superior orbital fissure and 
ends in the cavernous sinus. The inferior 
ophthalmic vein lies below the optic nerve, 
and one of its branches communicates with 
the pterygoid plexus via the inferior orbital 
fissure. The other branches of the ophthalmic 
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Fig. 64. The right ophthalmic artery and the optic nerve, as seen from above. 


vein leave the orbit through the lower part 
of the superior orbital fissure and terminate 
by joining the cavernous sinus. 


Orbital Nerves (Fig. 64). These include the 
optic (the 3rd, the 4th and the 6th, constitut- 
ing the motor nerves to the eye muscles), and 
the ophthalmic division of the 5th, which is 
the sensory supply to the orbit. 

The optic nerve is about 2 inches long and 
extends from the optic chiasma to the eyeball. 
In its ccurse it may conveniently be divided 
into 3 parts: the intracranial (in the cranial 
cavity), the intraosseous (in the optic foramen) 
and the intraorbital (in the orbit). In the cra- 
nial cavity the nerve lies on the front part 
of the diaphragma sellae and then on the ante- 
rior portion of the cavernous sinus. The ante- 
rior perforated substance, the olfactory nerve 
and the anterior cerebral nerve all cross and 
lie above this nerve. The internal carotid ar- 
tery is at first below and then becomes lateral 
to it. The ophthalmic artery arises from the 


internal carotid, inferomedial to the nerve, 
but soon crosses to its lateral side. In the optic 
foramen the nerve is surrounded by a continu- 
ation of the dura, the arachnoid and the pia, 
which accompany it to the posterior aspect 
of the eyeball. Since the nerve is separated 
from the sphenoid air sinus by only a thin 
plate of bone, a retrobulbar neuritis may de- 
velop in diseases affecting the sinus. In the 
orbit the nerve is surrounded by the orbital 
fat, and at the optic foramen it is surrounded 
by the origin of the ocular muscles. The naso- 
ciliary nerve, the ophthalmic artery and the 
superior ophthalmic vein cross the nerve su- 
periorly from without inward; the nerve to 
the inferior oblique muscle lies below it. The 
ciliary ganglion can be located on the outer 
side of the nerve, between it and the lateral 
rectus muscle. Where the nerve enters the 
eyeball, it is surrounded by the long and the 
short ciliary nerves (Fig. 65). The central ar- 
tery of the retina arises from the ophthalmic 
artery near the optic foramen and passes for- 
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Fig. 65. Vessels of the ocular globe (diagrammatic, after Leber). 


ward in the dural sheath of the nerve. With 
its accompanying vein, it then crosses the 
subarachnoid space to enter the nerve on its 
under and inner aspect and runs directly in 
its substance. The subarachnoid space of the 
cranial cavity is directly continuous with the 
subarachnoid space around the optic nerve; 
because of this continuity, an increase of pres- 
sure in the intracranial subarachnoid space 
may be transmitted to the intraorbital space. 
As a result of this, the central vein and artery 
may become compressed, resulting in an en- 
gorgement of all the retinal vessels, diminu- 
tion of the size of the arteries, and later exuda- 
tion that produces the condition known as 
choked disk or papilledema. The nerve 
pierces the sclera at a point medial to the pos- 
terior pole of the eyeball and, having spread 
through the sclerotic and the choroid coats, 


spreads out to form the inner layer of the ret- 
ina. The muscles of the orbit are supplied by 
3 cranial nerves: the 3rd (oculomotor), the 4th 
(trochlear) and the 6th (abducent). 

The oculomotor nerve (Fig. 40) supplies all 
the muscles of the orbit with the exception 
of the superior oblique and the lateral rectus. 
Through the ciliary ganglion it also supplies 
the sphincter muscle of the iris and the ciliary 
muscle (the muscle of visual accommodation). 
If this nerve is involved, the following condi- 
tions will result: ptosis or drooping of the up- 
per eyelid because of a paralysis of the levator 
palpebrae superioris; an external strabismus 
due to unopposed action of the external rectus 
and inability to turn the eyeball up or down; 
dilation of the pupil because of paralysis of 
the sphincter of the pupil; loss of accommoda- 
tion due to paralysis of the ciliary muscle, and 
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at times a slight prominence of the eyeball 
because of unopposed action of the superior 
oblique plus paralysis of all but one rectus 
muscle. The oculomotor nerve passes forward 
in the upper part of the lateral wall of the 
cavernous sinus to the superior orbital fissure 
and enters the orbit between the two heads 
of the lateral rectus muscle. 

The trochlear nerve (Fig. 41) takes a course 
similar to the oculomotor but lies slightly be- 
low and to the lateral side of the 3rd nerve. 
It enters the orbit at the superior orbital fis- 
sure above the muscles and supplies only the 
superior oblique muscle. 

The abducens nerve (Fig. 44) lies below the 
artery as it approaches the superior orbital 
fissure. Here it enters the orbit between the 
two heads of the lateral rectus, which it sup- 
plies. 

The ciliary ganglion has a sensory supply 
(nasociliary branch of the ophthalmic nerve), 
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a motor supply (inferior division of the oculo- 
motor nerve) and sympathetic fibers (cavern- 
ous plexus on the internal carotid artery). If 
a local anesthetic is injected into the region 
of the ciliary ganglion, the resulting anesthesia 
will permit surgery upon the eyeball. 


Surgery (Enucleation of the Eyeball) (Fig. 
66). The object of enucleation is to remove 
the eyeball and leave the muscles to coalesce 
and form a stump upon which the artificial 
eye may rest and move. As much conjunctiva 
as possible should be preserved. The lids are 
retracted by means of a retention speculum, 
and the conjunctiva is grasped in such a way 
as to form a fold radiating toward the limbus. 
This fold is divided, as is the remaining con- 
junctiva in its entire extent adjacent to the 
limbus. The conjunctiva is separated from the 
globe beyond the insertion of the ocular mus- 
cles. Tenon’s capsule is divided over the inser- 
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Fig. 66. Enucleation of the eyeball: (A) division and separation of the conjunctiva, (B) division of the 
ocular muscles, (C) severing the optic nerve, (D) closure of conjunctiva. 
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tion of one of the muscles, and the tendon 
of that muscle is picked up, drawn away from 
the eyeball and divided. The other muscles 
are handled in similar fashion. The eyeball is 
retracted toward the nose, and a pair of 
curved blunt scissors is passed backward until 
the optic nerve is encountered. The nerve is 
divided, the eyeball is delivered from its 
socket, and the oblique muscles are severed 
near the sclera. After control of hemorrhage 
the conjunctiva is closed, and the operation 
is completed. 


Nose 


External Nose 


The external nose (Fig. 67) forms a triangular 
pyramid; its upper angle, which connects di- 
rectly with the forehead, is referred to as the 
root, and its free angle as the apex or tip. 
The mobile lateral walls of the pyramid ex- 
pand to form the wings (alae), which are sup- 
plied with sebaceous and sweat glands. The 
base of the nose presents 2 elliptical orifices 
(nares) which are separated from each other 
by an anteroposterior septum called the co- 
lumna. Small stiff hairs (vibrissae) found along 
the margins of the nares arrest the passage 
of foreign substances that may be carried in 
during inspiration. The dorsum of the nose 
is formed by the union of the 2 lateral surfaces 
in the midline. The bridge is the upper part 
of the dorsum that is supported by the nasal 
bones. 


pea 


Fig. 67. The external nose. 


Skin. The skin is thin and lax over the root 
and the greater part of the dorsum, but over 
the alae it becomes thick and very adherent 
to the deeper parts; it has a rich blood supply; 
so it is well suited for plastic surgery. Wounds 
in this region heal well. 


Nerves. The skin over the root of the nose 
is supplied by the nasal branch of the first 
division of the 5th nerve, which also supplies 
the skin over the alae and the region of the 
nostrils. The greater part of the side of the 
nose is supplied by the 2nd division of the 
5th nerve and is the seat of painful neuralgia 
when that trunk is involved. The anatomic 
fact that the nasal nerve is a branch of the 
ophthalmic trunk and has intimate connec- 
tions with the eye explains the lacrimation 
that follows painful infections about the nos- 
trils. 


Arteries. The arteries of the nose are derived 
from the facial, which supplies the side of the 
nose, the alar and the septal branches to the 
septum and the alae, and the ophthalmic ar- 
tery which sends branches to the root and the 
dorsum. 


Veins. The veins follow the course of the ar- 
teries. Those at the root empty into the 
ophthalmic veins and then into the cavernous 
sinus. Inflammation in this region, such as fu- 
runculosis and erysipelas, may travel by means 
of this communication into the intracranial 
circulation and send septic emboli into the 
brain. 


Internal Nose 


Nasal Cavities. Two chambers are situated 
one on each side of the median plane. They 
are especially adapted for detecting odors and 
warming and filtering the air that passes to 
the lungs. The cavities communicate in front 
with the exterior by means of the anterior 
nares and behind with the nasal part of the 
pharynx by means of the choanae (posterior 
nares) (Fig. 69). Inside the aperture of the nos- 
trils is a slight dilation known as the vestibule. 
The nasal cavities are placed below the middle 
part of the anterior cranial fossa and above 
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Fig. 68. Paramedian sagittal section through the left nasal fossa, showing the roof, the floor and the 


nasal septum of the nasal cavity. 


the mouth, being separated from the latter 
by the palate; laterally, they are in relation 
to the orbit and the maxillary antrum. The 
nasal cavities present a roof, a floor, a medial 
wall (septum), a lateral wall and anterior and 
posterior openings. 


Roof. The roof (Fig. 68) of each nasal cavity 
or fossa is about one eighth of an inch in width, 
is horizontal in the middle and slopes in front 
and behind. The sloping anterior part is 
formed by the frontal and the nasal bones and 
the nasal cartilages; the central portion is hori- 
zontal and is formed by the cribriform plate 
of the ethmoid; the sloping posterior part is 
formed by the anterior and lower surface of 
the body of the sphenoid. The anterior part 
corresponds to the slope of the bridge of the 
nose. The intermediate part is thin and deli- 
cate, is perforated by olfactory nerves and 
ethmoidal vessels and is located immediately 
beneath the anterior cranial fossa. Fracture 
of this part may result in meningitis. The pos- 
terior sloping part of the sphenoid sinus is lo- 
cated over the posterior aspect of the roof 
in the body of the sphenoid. Traction on a 
polyp attached to the roof of the nasal cavity 
may cause a breaking of this thin wall, result- 
ing in a communication with the cranial cav- 
ity. Meningoceles that may project through 


the roof into the nasal cavity have been mis- 
taken for nasal polyps. 


Floor. The floor of the nasal cavity represents 
its larger part and is much wider than the 
roof. It is concave from side to side and its 
anterior three fourths is formed by the pala- 
tine process of the maxilla and the posterior 
fourth by the horizontal plate of the palatine 
bone (Fig. 68). The incisive canal is located 
anteriorly and is pierced by the so-called inci- 
sive foramina (Stensen and Scarpa), which 
transmit the nasopalatine nerve. The floor is 
horizontal and measures about 3 inches in 
length from the tip of the nose to the posterior 
border of the septum; it is about % inch wide. 


Medial Wall or Septum. This forms a median 
vertical partition between the 2 nasal cavities. 
It is usually deflected from the median plane, 
thus reducing the size of one nasal cavity and 
increasing the other. It is formed posteriorly 
by the vomer, anterosuperiorly by the per- 
pendicular plate of the ethmoid, and anteroin- 
feriorly by the septal cartilage. As this carti- 
lage extends backward, it fits into the angle 
between the ethmoid and the vomer. Tiny 
projections or crests of the palatine, the maxil- 
lary, the frontal, the nasal and the sphenoid 
bones form peripheral parts of the bony sep- 
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tum. The mucous membrane of the septum 
is not particularly adherent. The olfactory 
nerve supplies the upper part of the septum, 
and trigeminal branches are distributed over 
the entire septal area. These branches include 
an interior nasal branch (ophthalmic nerve) 
and the long sphenopalatine (nasopalatine) 
nerve that arises from the pterygopalatine 
(sphenopalatine ganglion) (Fig. 71). This nerve 
travels downward and forward on the septum, 
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Fig. 69. The lateral wall of the right nasal cavity. 
(A) The middle and the inferior meatuses have 
been labeled but cannot be seen because the mid- 
dle and the inferior conchae conceal them. (B) Por- 
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its branches passing through the incisive fora- 
mina to supply the mucous membrane of the 
anterior part of the hard palate. 


Lateral Wall. This (Fig. 69) reveals 3 eleva- 
tions caused by the superior, the middle and 
the inferior conchae (turbinate bones). Below 
and lateral to each concha, the corresponding 
nasal passage or meatus is found. Above the 
superior concha is the sphenoethmoidal re- 
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tions of the conchae have been removed, and the 
communications with the paranasal sinuses are rep- 
resented diagrammatically. 
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cess, a narrow space into which the sphenoid 
sinus opens. The scroll-shaped conchae proj- 
ect in a more or less horizontal direction from 
the lateral wall so that their free margins point 
downward and inward. The superior and the 
middle conchae arise from the ethmoid bone, 
but the inferior is an independent bone. The 
lateral nasal wall is formed by the frontal pro- 
cess of the maxilla, the lacrimal bone, the eth- 
moid, the nasal surface of the maxilla, the infe- 
rior nasal concha, the perpendicular plate of 
the palatine bone, and the medial pterygoid 
plate of the sphenoid. The superior concha, 
the smallest, is situated on the upper and back 
part of the lateral wall, its anterior extremity 
lying beneath the middle of the cribriform 
plate of the ethmoid bone. It does not over- 
hang sufficiently to obscure the superior me- 
atus, of which it forms the upper boundary. 
The middle concha extends farther than the 
superior and has free anterior and inferior 
borders. It reaches as far forward as the ante- 
rior extremity of the cribriform plate and 
overhangs and completely conceals the middle 
meatus. The inferior concha is an indepen- 
dent bone that articulates with the maxilla 
and the perpendicular plate of the palatine, 
in this way forming part of the medial wall 
of the maxillary sinus. Its overhanging free 
border covers the inferior meatus and almost 
reaches the floor of the nasal cavity. Its poste- 
rior end lies about 1 cm. in front of the pharyn- 
geal ostium of the auditory (eustachian) tube. 
This bone may interfere with the introduction 
of an instrument into the Eustachian tube. Its 
anterior end is about 3⁄4 inch behind the orifice 
of the nostril. Swelling of the inferior concha 
usually signifies a sinus disease, most com- 
monly the antrum, since pus from the antrum 
runs over it and results in inflammatory 
changes. The posterior end of the concha at 
times reveals a polypoid growth that fills the 
surrounding space. 


Superior Meatus. This is a short, narrow fis- 
sure in the front of which the posterior eth- 
moidal cells open. The middle meatus is situ- 
ated below and lateral to the middle concha 
and cannot be seen unless that concha has 
been detached or displaced upward. The me- 
atus continues anteriorly to a shallow depres- 


sion, the atrium, located above the vestibule. 
On the lateral wall of this meatus appears the 
ethmoid bulla, a rounded elevation that is 
caused by the bulging of the middle ethmoid 
cells that open immediately above the meatus; 
the size of the bulla varies with that of the 
contained cells. Below and in front of the bulla 
is a groove called the hiatus semilunaris 
whose anterior end leads into the infundibu- 
lum. The latter is a short passage by means 
of which the frontal sinus enters the middle 
meatus. The anterior ethmoid sinuses may 
open into the infundibulum or directly into 
the hiatus; the maxillary sinus opens into the 
posterior aspect of the hiatus, but its orifice 
is usually hidden by the lower border of the 
groove. There may be an accessory opening 
of this sinus into the middle meatus behind 
the hiatus; the middle ethmoid air cells usually 
open directly onto the bulla. In summary, 
then, it may be stated that the anterior and 
the middle ethmoid cells, the frontal and the 
maxillary sinuses and the infundibulum all 
open into the middle meatus. 


Inferior Meatus. This lies between the infe- 
rior concha and the floor of the nose. The na- 
solacrimal duct opens into it under cover of 
the anterior part of the inferior concha, this 
opening being about % inch above the nasal 
floor. The sphenoethmoid recess has been re- 
ferred to as the “highest meatus” and lies be- 
tween the superior concha and the roof of 
the nose; into this space the sphenoid sinus 
opens. 


Cartilages. The cartilages of the nose (Fig. 70) 
are 5in number: 1 septal, 2 upper and 2 lower. 
Additional small flakes of cartilage are found 
in the upper part of the ala, but the lower 
has none. 

The septal cartilage (Fig. 68) is broad and 
quadrangular, with the following attach- 
ments: the posterosuperior border is attached 
to the perpendicular lamina of the ethmoid; 
the posteroinferior to the vomer and the max- 
illae; the anterosuperior to the nasal bones 
above and the fibrous tissue below; the antero- 
inferior to the septal process of the lower nasal 
cartilage. 

The upper nasal cartilage is triangular and 
has these attachments: superior border to the 
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Fig. 70. Cartilages of the nose. 


nasal bone and frontal process of the maxilla; 
inferior to the lower cartilage; the anterior 
border is continuous with the septal cartilage 
above but separated from it by a fissure below. 

The lower nasal cartilage is large and oval 
and is located above the anterior part of the 
nostril; it has a septal process that turns back- 
ward in the lower part of the septum. 


Anterior Aperture. This aperture of the nose 
is pear-shaped and is formed by the nasal 
bones and the anterior border of the maxilla 
that ends in the anterior nasal spine. 

The posterior nares (choanae) (Fig. 68) are 
each bounded laterally by the internal ptery- 
goid lamina, medially by the vomer, above 
by the body of the sphenoid and the ala of 
the vomer, and below by the horizontal plate 
of the palate. 

The vestibule of the nose is the dilation in- 
side the nostril that is lined by a squamous 
epithelium and from the lower border of 
which the vibrissae grow; it is bounded above 
by a ridge that separates it from the atrium, 
a depressed area in front of the middle me- 


atus, which is in turn bounded by another ridge 
called the agger nasi (Fig. 69). The latter is 
formed by the superior turbinated crest on 
the frontal process of the superior maxilla. 


Mucous Membrane. This is continuous with 
all the cavities communicating with it. The 
superior or olfactory portion is thin and less 
resistant; it covers the cribriform plate of the 
ethmoid and contains the endings of the olfac- 
tory nerves. The respiratory portion is thicker, 
more vascular, and at times forms a little pad- 
like mass of mucous membrane that is often 
mistaken for a polyp. The thickness of this 
membrane, especially over the middle and 
the inferior conchae, makes nasal cavities and 
apertures of the nose smaller in the living than 
they appear in the skeleton. The mucous 
membrane is lined by columnar epithelium 
that is ciliated in the respiratory portion but 
nonciliated in the olfactory part. The respira- 
tory part of the nasal mucous membrane ena- 
bles the air to obtain warmth and moisture 
in its passages through the nose, and it also 
accounts for the manner in which the nasal 


Nose 95 


cavity becomes occluded in the early stages 
of acommon cold. The membrane is supplied 
by many glands that are most conspicuous 
over the lower and back parts of the outer 
wall and over the posterior and inferior parts 
of the septum. These glands may hypertrophy 
and become very active, and they are capable 
of providing a copious, watery secretion. 
When filled with blood, the mucous mem- 
brane of the nose swells and obliterates the 
interval between the bone and the septum. 
If the membrane becomes the seat of chronic 
inflammation, the upper part may become 
edematous and protrude from the ethmoidal 
region or from the middle turbinate in the 
form of polypi. The mucous membrane has 
been looked upon as mucoperiosteum and 
perichondrium because it is closely adherent 
to the underlying bone and cartilage by a fi- 
brous layer. 
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Vessels and Nerves 


Blood Supply. The blood supply of the nasal 
mucous membrane (Fig. 71 and 72) is derived 
chiefly from the terminal part of the maxillary 
artery by its largest branch, the sphenopala- 
tine artery. This vessel enters the nasal cavity 
through the sphenopalatine foramen and, af- 
ter supplying branches to the lateral wall, 
travels downward and forward on the septum, 
accompanied by its corresponding nerve. An 
additional blood supply is provided by the 
ophthalmic artery through its anterior and 
posterior ethmoidal branches. The veins ac- 
company the arteries and form a rich network 
beneath the mucous membrane, especially in 
the region of the middle and the inferior con- 
chae. The ethmoidal veins drain into the su- 
perior sagittal sinus. The nasal veins drain 
into the ophthalmic veins and then into the 
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Fig. 71. Vessels and nerves of the nose: (A) blood supply to the lateral wall of the right nasal cavity, 
(B) nerve supply to the right lateral wall and the septum of the nose. 
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Fig. 72. The arterial supply to the nose. 


cavernous sinuses. In this way an intracranial 
and intranasal communication is made, ex- 
plaining the danger of an infected process in 
the nose that may extend to the meninges 
and the brain. 


Lymph Drainage. This is accomplished by 
way of the deep cervical nodes, following the 
path of the internal jugular vein. 


Nerves. The nerves (Fig. 71 B) associated with 
the nasal cavities are derived from 2 sources: 
(1) the olfactory nerves, which pass through 
the openings in the cribriform plate of the 
ethmoid and supply the mucous membrane 
of the upper third (olfactory portion) of the 
nasal cavities; these are nonmedullated fibers 
and pass to the olfactory bulb; (2) the sensory 
nerves for the nasal cavity, which arise from 
the ophthalmic branch of the trigeminal. The 
ophthalmic nerve, by means of its anterior 
ethmoidal branch, gives off a branch to the 
septum which runs downward on the inner 
surface of the nasal bone over the atrium and 


the middle meatus; it supplies the mucous 
membrane in this region and the cutaneous 
lining of the vestibular part, and appears be- 
tween the nasal bones and the upper nasal 
cartilages to supply the skin. The maxillary 
nerve also aids in the sensation of this part 
of the respiratory tract via the pterygopalatine 
ganglion. 


Practical Considerations 


Fractures, Rhinoscopy, Epistaxis, 
Polypi and Septal Deformities 


Nasal Fractures. Frequently the nasal bones 
are broken by direct violence. The fracture 
most commonly found is through the lower 
third of the bones where they are thinnest 
and have the least support. Since there is no 
muscle pull, the deformity that occurs is due 
entirely to the direction of the force; if the 
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mucous membrane of the nose is torn, there 
might be an associated emphysema. Union 
takes place with great rapidity. 

Anterior rhinoscopy is achieved by means 
of a light from a forehead mirror or lamp shin- 
ing through a speculum introduced into the 
anterior cartilaginous part of the nose. The 
structures that may be seen and examined 
through this view are the inferior meatus, the 
anterior end of the inferior and the middle 
turbinates and the septum. The superior turbi- 
nate does not protrude far enough to be visual- 
ized. 

Posterior rhinoscopy is accomplished by 
passing a small mirror over the tongue and 
behind the soft palate into the pharynx. Re- 
flected light is used and the following struc- 
tures are seen: the posterior nares, the sep- 
tum, the middle turbinate, part of the superior 
and the inferior turbinates, part of the inferior 
meatus, the middle meatus, the eustachian 
tube, the mucous membrane of the roof and 
the upper part of the nasopharynx. 


Epistaxis (Nose Bleeds). The vascularity of 
the nose is great, and trauma is frequent, 
which explains the frequency of nose bleeds, 
although many other causes exist. If the bleed- 
ing originates from the anterior portion of the 
septum (Kiesselbach’s plexus or triangle), as 
it most frequently does, it may be stopped 
by pressure through the anterior nares (Fig. 
72). Packing of the posterior nares is accom- 
plished by passing a soft rubber catheter into 
the nostril until it appears in the pharynx, 
where it is grasped and drawn out through 
the mouth. Then a strong ligature is attached 
to the tip of the catheter and a pledget of 
gauze to the other end of the ligature about 
one foot from the tip of the catheter. Next, 
both catheter and ligature are withdrawn 
from the nostrils. The silk ligature is drawn 
out of the nostril, and traction is put on it so 
that the gauze pack is applied forcibly to the 
bleeding area in the posterior region. This 
traction can be maintained by tying the liga- 
ture over a pledget of gauze at the nostril. 
A second ligature can be attached to the poste- 
rior pledget, and this is left hanging out of 
the mouth so that removal of the pack can 
be accomplished by traction on the second 


ligature. These ligature ends may be placed 
over the ear for convenience. 

Polypi have a predilection for the nasal fos- 
sae and may block the nostrils, thus interfering 
with respiration. They may press outward, 
widen the nose and project through the ante- 
rior or posterior nares. If the nasal duct is 
pressed upon by a growth in the nose, epi- 
phora or tearing may be an early symptom. 
Polypi have been known to press on the palate 
and encroach on the mouth. Their removal 
can be accomplished by grasping the polyp 
in a forceps, applying a snare wire about its 
base and dividing it. Very often polypi are 
the result of disease of the bone and then re- 
quire procedures that include removal of the 
bone or drainage of the sinus. 


Deformities of the Septum (Fig. 73). To some 
degree these are the rule rather than the ex- 
ception among civilized people. Only in a 
small proportion are symptoms present that 
require correction. Submucous resection is 
now the accepted procedure. The incision is 
usually convex forward and should be so 
placed that a sufficient piece of cartilage is 
left in front to support the tip of the nose. 
Then a suitable elevator is inserted between 
the mucoperichondrium and the cartilage, 
and the former is lifted carefully over the 
whole extent of the cartilaginous deviation. 
The necessary part and amount of cartilage 
is then removed. The flaps are allowed to fall 
together, and packing is inserted into each 
nasal cavity. This ensures apposition of the 
raw surfaces. 


Paranasal Sinuses 


The paranasal sinuses (Figs. 74, 75 and 76) 
are irregular air spaces or diverticula originat- 
ing from buds of mucous membrane that 
sprout from the nasal cavities and grow into 
the diploic layer of certain bones. Each sinus 
takes its name from the bone in which it is 
situated: maxillary (antrum of Highmore), 
frontal, ethmoid and sphenoid. These sinuses 
are enclosed in compact bone. They commu- 
nicate with the nasal cavities with which their 
mucous membranes are continuous and are 
filled with air. They communicate with the 
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Fig. 73. Submucous resection for the correction of a deviated septum. 


nasal cavities by means of narrow orifices that 
may become occluded because of congested 
mucous membrane. Like the mucous lining 
of the nose, the membrane lining the sinuses 
is covered with ciliated epithelium. The anat- 
omy of the paranasal sinuses is somewhat in- 
constant, since there is no definite constancy 
in their size, shape and type. Under normal 
conditions during respiration there is an inter- 
change of air between them. 


Maxillary Antrum (Antrum of 
Highmore) 


This maxillary antrum is the largest of the 
paranasal sinuses and is the first to appear. 


Although it begins to develop about the 4th 
month of intrauterine life, it continues to grow 
in the adult, acquiring its maximum develop- 
ment in the 2nd or the 3rd decade. The sinus 
varies considerably in size in different individ- 
uals, but the following have been given as the 
average dimensions: anteroposterior, 1% 
inches; transverse, | inch; vertical, 1% inches. 

Situated in the interior of the superior max- 
illa, the base of this pyramidal cavity is formed 
by the lateral wall of the nasal cavity, and the 
apex extends to the zygomatic process; its roof 
is formed by the orbital wall, which is fre- 
quently ridged by the infraorbital canal, and 
its floor by the alveolar process. In front the 
pyramid is bounded by the facial surface of 
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Fig. 74. Paranasal sinuses: (A) surface projection of the sinuses, (B) sagittal section (semidiagrammatic), 


showing the 4 paranasal sinuses. 


the superior maxilla and behind by the zygo- 
matic surface of the same bone. This sinus lies 
lateral to the lower half of the nasal cavity 
in front of the pterygopalatine and the infra- 
temporal fossae, below the orbit and above 
the molar teeth. 

The infraorbital nerves and vessels lie in 
the roof of the sinus, and their branches to 
the incisor, the canine and the premolar teeth 
descend in the anterolateral wall. This nerve 
produces infraorbital facial pain when the 
maxillary sinus is diseased. 

The floor formed by the alveolar margin 
is about % inch below the nose, and in it are 
seen elevations produced by the roots of some 
of the upper teeth, the most usual being the 
lst and the 2nd molars. It is possible that all 
true maxillary teeth (canine to the “wisdom’’) 
may be in relation to it. At times the roots 
actually project into the sinus, but as a rule 
they produce a bulge into the floor and are 
separated from the cavity by a thin layer of 
spongy bone. This relationship between teeth 
and sinus explains the production of maxillary 


disease by infected teeth and also the estab- 
lishment of drainage for an empyema of the 
sinus by removal of one of these teeth. The 
floor of the sinus is not smooth, since it pres- 
ents incomplete septa that form pockets in 
which inflammatory products may stagnate. 
Such pockets may be inaccessible to treatment 
and must be handled individually. The nerves 
and the vessels to the molar teeth descend 
in the lower part of the posterior wall of the 
antrum. The sinus drains into the infundibu- 
lum of the middle meatus of the nose by 
means of a maxillary ostium; this opening var- 
ies from a tiny slit to a complete replacement 
of the floor of the infundibulum. The maxillary 
sinus is more frequently the site of disease 
than are any of the other accessory sinuses 
(Fig. 76). Infection may take place through 
the upper molar alveoli and by way of the 
nose. Tumors of the antrum are not too un- 
common; hence, knowledge of the surround- 
ing anatomy is important. A malignant tumor 
may grow rapidly and by pressure upward can 
encroach upon the eyeball; growth downward 
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Fig. 75. Normal x-ray appearance of the paranasal 
sinuses in a lateral projection: (1) frontal sinuses, 
(2) ethmoid cells, (3) sphenoid sinus, (4) maxillary 
antra (sinuses), (5) anterior clinoid processes of the 
sella turcica, (6) posterior clinoid processes of the 
sella turcica, (7) sella turcica. 


may involve the palate and loosen the teeth; 
inward extension would obstruct the nostril, 
and backward involvement would invade the 
pharynx. Such growths should be treated by 
excision of the superior maxilla. 


Surgery (Fig. 77). Acute nasal infections that 
are severe or have a tendency to persist may 
extend to the maxillary sinus as well as to any 
of the other sinuses. Carious teeth projecting 
into the sinus cavity may also be the cause 
of such infections, or extension from adjacent 
sinuses (frontal, sphenoid and ethmoid) can 
be the inciting agent. If pus is present in the 
maxillary sinus, it may be visible at the middle 
meatus. 

Of all the nasal sinuses, the maxillary is the 
easiest to irrigate. This can be done by one 
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Fig. 76. X-ray projection for the upper half of the 
orbit, showing an effusion in the right maxillary 
and the frontal sinuses. These should be compared 
with the normal sinuses on the left side: (1) right 
frontal sinus, obliterated by effusion; (2) left frontal 
sinus, normal appearance; (3) roof of the orbit; (4) 
lesser wing of the sphenoid; (5) sphenoidal fissure; 
(6) greater wing of the sphenoid; (7) right maxillary 
sinus, obliterated by effusion; (8) left maxillary si- 
nus, normal appearance; (9) zygoma. 


of 4 methods: by entering the natural opening 
(ostium) or by perforating the nasoantral wall 
directly beneath the inferior turbinate. Since 
the natural opening is placed at too high a 
level for pus to escape, it may remain stag- 
nant. Therefore, it becomes necessary to ex- 
plore or drain the antrum via another route. 
A needle is introduced through the nostril and 
is passed outward and backward. It pierces 
the bone under cover of the inferior turbinate 
(inferior nasal concha) and enters the sinus 
at a much lower level than the natural orifice 
of the cavity. 

The sinus may also be entered through the 
region of a tooth which is at fault after that 
tooth has been extracted and a hole drilled 
upward through its socket and into the sinus. 
This dental approach was used for many years 
in empyema of the antrum, but unfortunately 
infections recurred from the mouth. This, plus 
insufficient drainage, has resulted in its being 
discarded by some authorities. 

Another approach to the maxillary antrum 
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Fig. 77. Surgery of the maxillary antrum (sinus): (A) via the natural opening, (B) through the nasoantral 
wall, (C) the outer oral wall approach, (D) dental approaches. 


(sinus)—by many believed to be the best—is 
that which passes through the outer oral wall. 
The head is turned to the sound side, and the 
lip is retracted upward and backward. An inci- 
sion is made over the roots of the teeth from 
the canine to the 2nd molar, and the perios- 
teum is divided in the same line and separated 
from the bone. The facial wall of the antrum 
is opened by means of a small chisel, and the 


interior is curetted. Drainage into the nares 
may be instituted by removing the anterior 
part of the inferior turbinate. 


Frontal Sinuses 


The frontal sinuses, bilaterally placed cavities 
of variable extent situated anteriorly between 
the 2 plates of the frontal bone, have been 
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considered as extensions of the anterior eth- 
moid cells. The anterior wall of each sinus is 
responsible for the prominence of the fore- 
head, which is situated above the eyebrow. 

Although not present at birth and not usu- 
ally recognizable until the 7th year of life, this 
sinus may appear as early as the age of 2 years. 

It is separated from its fellow by a complete 
bony septum which is often deviated to one 
side so that one sinus is larger. 

The septum thins as the sinuses grow and 
at times may even disappear by absorption. 
This sinus is about 1 inch in both height and 
width but may be much wider and consider- 
ably higher and has been known to extend 
backward between the 2 tables of the roof 
of the orbit. 

In its peripheral parts there are small parti- 
tions that form loculae and produce an irregu- 
lar outline. The sinus presents a posterosupe- 
rior wall, an anterior wall and a floor. The 
posterosuperior wall is thin, contains no diploé 
and separates the sinus from the meninges 
and the frontal convolutions of the brain. The 
anterior wall looks onto the forehead and con- 
tains diploé. Because of the presence of these 
diploé, infectious processes involving the bone 
(osteomyelitis) spread more readily in this wall 
than in the posterior. 

The floor in the frontal sinus separates it 
from the orbit, the nose and the anterior eth- 
moid sinuses. The sinus opens into the nose 
via the infundibulum, a narrow canal that 
passes between the anterior ethmoid air cells. 
The sinus then opens into the hiatus semilu- 
naris (Fig. 69). Due to the close relationship 
of sinuses and their openings, an infection in 
one sinus can, and usually does, spread to an- 
other. Therefore, it is not uncommon for an 
opening of the maxillary sinus to receive pus 
from the frontal and the anterior ethmoid 
cells as it travels along the hiatus semilunaris. 
The maxillary sinus thus becomes involved 
and produces its usual symptoms, which may 
divert attention from the true source of the 
infection (frontal or anterior ethmoid sinus 
disease). 

A fracture over the frontal sinus can be de- 
pressed without injuring the cranial contents, 
but such fracture may be associated with em- 
physema of the surrounding tissues due to 
communication with the nose. 
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Inflammation of the mucous lining of the 
frontal sinus may be secondary to an infection 
in the nose; conversely, when pus forms 
within this sinus, it may drain into the nasal 
fossa. If the communication with the nose is 
blocked because of swelling of the lining 
membrane, it may give rise to serious compli- 
cations by destroying the internal table and 
infecting the cranial contents; it may even 
perforate the wall of the orbit and produce 
serious eye complications. An early diagnosis 
of the presence of pus in the frontal sinus calls 
for opening into the sinus by trephining over 
the supraorbital margin. 


Extranasal and Intranasal Approaches. In- 
terference with the normal ventilation or 
drainage of the frontal sinus is usually associ- 
ated with marked edema in the region of the 
middle meatus, and the middle turbinate be- 
comes tightly compressed against the lateral 
wall. A deviation of the nasal septum also ag- 
gravates the condition, and if the inflamma- 
tory process becomes purulent, empyema of 
the sinus results. When the frontal duct is 
open, pus passing along the semilunar hiatus 
may involve the opening of the maxillary sinus 
and produce a sinusitis here. Since the ante- 
rior ethmoidal cells open with the frontal duct 
into the infundibulum of the semilunar hiatus, 
these cells too may become involved in frontal 
sinus disease. Osteomyelitis or abscess of the 
frontal bone may result and can terminate in 
meningitis. 

An intranasal operation for sinus disease 
is utilized by some and is described under sur- 
gery of the ethmoid cells (p. 104). 

The extranasal or external approach is usu- 
ally performed in the following way (Fig. 78): 
the eyebrow is shaved, and an incision is 
made, beginning at the temporal end, extend- 
ing to the middle of the root of the nose and 
then curving downward to the base of the 
nasal bone. The soft parts are freed from the 
bone, and then two incisions are made in the 
periosteum. The first is placed just above and 
parallel with the supraorbital margin; the sec- 
ond passes over the frontal process of the max- 
illary bone. These two incisions do not meet. 
The frontal sinus is opened, thoroughly curet- 
ted, and its floor removed. The frontal process 
of the frontal bone and as much of the lacrimal 
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Fig. 78. Extranasal approach to a diseased frontal sinus. 


bone as is necessary are removed through the 
second incision. This gives access to the eth- 
moid cells, and the ethmoid sinus is curetted. 
The operation also permits access to the ante- 
rior wall of the sphenoid sinus. Drainage is 
instituted by means of a tube that is placed 
in the upper wound, carried under the bridge 
of the bone through the nose and out at the 
nostril. 


Sphenoid Sinus 


The sphenoid sinus, a large cavity situated in 
the body of the sphenoid bone, is divided into 
right and left halves by a complete bony sep- 
tum usually bent to one side (Fig. 74). Each 
half has been referred to as a sphenoid sinus, 


and each has its own (opening). The sinus may 
be limited to the anterior part of the bone, 
but usually occupies the whole of its body, 
extending into the wings of the sphenoid, the 
pterygoid process and even into the basilar 
process of the occipital bone. 

Formation of the sinus begins in the 5th 
month of intrauterine life as a recess of the 
nasal cavity but does not extend into the body 
of the sphenoid until the 7th year. 

Both sinuses have important relationships 
above, below, in front and laterally. Above 
the sphenoid sinus, the pituitary body and the 
optic nerve are found, the nerve at times 
forming a ridge inside the sinus. This close 
relationship causes the optic nerve to be in- 
volved in sphenoid sinusitis, giving rise to sud- 
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den loss of vision (retrobulbar neuritis). The 
sinus is bounded below by the nose. In front, 
the wall of the sinus separates it from the eth- 
moid air cells, and laterally the cavernous si- 
nuses containing the internal carotid artery 
and the 6th nerve are located. The abducens, 
the oculomotor and the trochlear nerves, and 
the ophthalmic and the maxillary divisions of 
the trigeminal nerve may be involved in dis- 
ease of the sphenoid sinus, which is considered 
a “danger spot” in the skull because of these 
important surrounding structures. Each half 
of the sinus has an orifice of its own that opens 
into the highest meatus, the sphenoethmoid 
recess. 


Surgery. The sphenoid sinuses may be 
drained by an external route as described in 
operations involving the frontal sinuses, or 
through a nasal route (Fig. 79 B). In the nasal 
route the posterior half of the middle turbi- 
nate is removed, and a small hook or curette 
is introduced upon the anterior superior wall 
of the nasal cavity. The point of this curette 
is carried downward and then turned forward 
and outward toward the eye of the involved 
side. It is firmly pressed into the posterior eth- 
moid labyrinth and then drawn forward and 
downward. The posterior wall of the labyrinth 
is entirely broken down. The sphenoid sinus 
is located, entered, and its anterior wall re- 
moved. 


Ethmoid Sinuses (Cells) 


There are from 8 to 10 very thin-walled inter- 
communicating cavities occupying the 
greater part of the ethmoid labyrinth and 
known as the ethmoid sinuses. The boundaries 
of these sinuses are completed by the frontal, 
the palatine, the sphenoid bones and the supe- 
rior maxilla. 

They have been divided arbitrarily into 
three sets: anterior, middle and posterior. The 
anterior ethmoid sinuses open into the middle 
meatus on the floor of the hiatus semilunaris; 
the middle ethmoid sinuses open into the mid- 
dle meatus on the surface of the bulla ethmoi- 
dalis; the posterior, into the superior meatus. 

Above the ethmoid sinuses are the men- 
inges and the frontal convolutions in the ante- 
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rior cranial fossa; in the front is the frontal 
sinus; behind is the sphenoid; below, the nose; 
and laterally, the orbit. The ethmoid cells in 
each labyrinth may vary from 4 large cells 
to 17 small ones, the average number being 
9. 

These spaces are separated from their sur- 
rounding structures by extremely thin plates 
of bone orbital lamina (lamina papyracea); be- 
cause of this, infection may spread to the sur- 
rounding parts quite readily. This explains 
why ethmoiditis is the most common cause 
of orbital cellulitis. The relations of the eth- 
moid air sinuses to the cranial cavity are more 
extensive than those of the frontal and the 
sphenoid; hence, meningitis, subdural abscess, 
cerebral abscess and sinus thrombosis may 
complicate ethmoiditis. It should be recalled 
that the frontal sinus has been considered as 
one of the anterior ethmoid cells. 


Nasal Approach. Acute inflammation of the 
ethmoid cells at times is associated with acute 
rhinitis (common cold) and diseases of the 
frontal and the maxillary sinuses. The diseased 
ethmoid sinus can be opened and drained ex- 
ternally by procedures that have been de- 
scribed for frontal sinus drainage, but more 
frequently the nasal route is used (Fig. 79 A). 
A curette is introduced into the nasal cavity 
through the vestibule and carried to the ante- 
rior attachment of the middle concha. This 
is pressed firmly downward from the orbit and 
removes the anterior aspect of the turbinate. 
The curette is carried through the turbinate, 
the hiatus semilunaris removed, and entrance 
gained to the anterior ethmoid labyrinth. 
These cells are removed from before back- 
ward by the curette; usually, the entire middle 
turbinate is removed. 


Auditory Apparatus 


For the purpose of description the ear is di- 
vided into 3 parts: external, middle, and inter- 
nal. 


External Ear 


The external ear (Fig. 80) is made up of the 
auricle (pinna) and the external auditory me- 
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Fig. 79. Surgery of the sphenoid and the ethmoid sinuses: (A) nasal approach to the ethmoid sinuses 


(cells); (B) nasal approach to the sphenoid sinus. 


atus. Its purpose is to collect and convey sound 
waves to the tympanic membrane (ear drum). 


Auricle. This contains a cartilaginous frame- 
work that permits it to retain its characteristic 
form, but at its most dependent point, the 
lobule, the cartilage is replaced by fibrofatty 
tissue. 

The helix is the outer margin or rim of the 
auricle that forms the rolled superior and pos- 
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Fig. 80. The external ear. 


terior margins and continues into the lobule. 
On the posterosuperior aspect of the helix a 
small tubercle known as the auricular (Dar- 
win’s) tubercle is found. 

The antihelix forms a curved ridge that 
runs somewhat parallel with the helix, ends 
below in a small tubercle called the antitragus 
and bifurcates above into two limbs that form 
the boundary of a shallow depression known 
as the fossa triangularis. 

The concha is the centrally placed deep 
cavity of the auricle; this is divided into an 
upper and a lower part by a ridge known as 
the crus helicis, the upper part lying over 
Macewen’s triangle. If a fingertip is placed 
into this upper part of the concha, it will come 
into contact with a depressed area of bone 
that forms the floor of the cymba conchae 
which is bounded above by the suprameatal 
crest. The lower part of the concha leads into 
the external auditory meatus and is bounded 
by the tragus, which forms a backward pro- 
jection somewhat semilunar in shape, and par- 
tially obscures the opening of the meatus. 
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The incisura intertragica, a notch, bounds 
the tragus inferiorly and separates it from the 
antitragus. The antihelix forms the posterior 
boundary of the concha. 

The skin of the lateral surface of the auricle 
is supplied by the great auricular nerve over 
its lower third and the auriculotemporal nerve 
over its upper two thirds; the medial surface 
is supplied over its lower third by the great 
auricular and over its upper two thirds by the 
lesser occipital nerves. 

There are intrinsic and extrinsic ligaments 
in the auricle, the former maintaining the car- 
tilage in position, and the latter attaching the 
auricle to the temporal bone. 

There are also intrinsic and extrinsic mus- 
cles that are rudimentary and of no practical 
importance. The small intrinsic muscles are 
6 in number, and all are supplied by the facial 
nerve. 

The auricle receives its arterial supply from 
the external carotid by way of the posterior 
auricular artery behind and the superficial 
temporal artery in front. Its venous drainage 
is by means of the superficial temporal veins 
in front and the external jugular below. 

The lymph vessels of the ear rarely drain 
into the retroauricular glands but drain into 
the mastoid glands, which are situated at the 
tip of the mastoid process where the efferent 
lymphatics pierce the sternocleidomastoid 
and enter the deep cervical chain. The exter- 
nal aspect of the auricle drains into the preau- 
ricular gland, then into the deep cervical 
chain. 


External Auditory Meatus (Fig. 81). This ca- 
nal extends from the concha to the tympanic 
membrane; it is about 1% inches long, the 
first half being cartilaginous and the remain- 
der osseous. On looking into this tube its entire 
length cannot be visualized, because its floor 
rises for a short distance and then recedes; 
in its midportion there is a slight backward 
and inward curve. The lower wall of the canal 
is longer than its upper, and it is narrowest 
about its middle. If examination of the exter- 
nal auditory meatus is desired, it is necessary 
to straighten out its tortuous course by pulling 
upward and backward on the auricle. 

The skin of the cartilaginous portion is sup- 
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plied with hair follicles and sebaceous and ce- 
ruminous glands. Since it is firmly bound down 
to the perichondrium and the periosteum, in- 
fections of the canal give rise to severe pain 
but little swelling. 

The cutaneous nerve supply to this region 
is derived from the auriculotemporal nerve 
and the auricular branch of the vagus nerve. 

The meatus has superior, anterior and pos- 
terior relationships. The superior wall is sepa- 
rated from the middle cranial fossa by a thin 
plate of bone; hence, suppuration in the me- 
atus may penetrate this bone and cause men- 
ingitis. The anterior wall is in relation to the 
parotid gland, and abscesses of this gland can 
extend into the meatus. The lower jaw also 
lies in front of the canal so that injuries, such 
as falls on the chin, may fracture this wall and 
produce hemorrhage from the meatus, which 
may be confused with bleeding from the ear 
as seen in basal skull fracture. The posterior 
wall is bony and separates the meatus from 
the mastoid cells; pus from these cells may 
discharge into it. 


Tympanic Membrane 


The tympanic membrane (ear drum) sepa- 
rates the external and the middle ears and 
consists of outer (cutaneous), inner (mucous) 
and intermediate (fibrous) layers. The cutane- 
ous layer is continuous with the skin of the 
external auditory canal, and the inner mucous 
membrane is continuous with the lining of the 
tympanic cavity. 

The tympanic membrane forms the lateral 
protecting wall of the tympanic cavity and 
transmits the vibrations of sound waves along 
the auditory ossicles to the labyrinth. It is 
placed obliquely so that its outer or lateral 
surface faces downward, forward and later- 
ally, forming an angle of about 45° with the 
floor of the meatus (Fig. 81). As a result of 
this obliquity, the floor and the anterior wall 
of the meatus are longer than the roof and 
the posterior wall. The membrane bulges into 
the middle ear; hence, its lateral surface is 
concave. The deepest part of this concavity 
is called the umbo and corresponds to the tip 
of the handle of the malleus. 
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Fig. 81. Diagram of a frontal section through the 
right external, the middle and the inner ear: (A) 
external, middle and internal ear, coronal section; 


Otoscopic Examination. On otoscopic exami- 
nation, a healthy tympanic membrane is of 
a pearly gray color (Fig. 82). Its circumfer- 
ence, except in the upper part, is somewhat 
thickened and fits into a groove in the tempo- 
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(B) enlarged diagram of the middle and the internal 
ear, with the cochlea cut. 


ral bone. The unattached upper part of the 
circumference measures about 5 mm. and 
forms a “gap” known as the tympanic notch 
or incisura. Over this area the membrane has 
no strong fibrous partition but is merely repre- 


108 





Fig. 82. The right tympanic membrane (ear drum). 


sented by the continuation of the covering 
of the auditory canal which overlies the mu- 
cosa lining the tympanic cavity. Therefore, 
the upper part of the membrane is thin and 
loose and is called the pars flaccida or Shrap- 
nell’s membrane. From the umbo, the handle 
of the malleus can be seen through the mem- 
brane, running upward and forward to the 
periphery. 

When the tympanic membrane is examined 
by reflected light the “cone of light” is seen 
which has its apex at the umbo and extends 
downward and forward to the periphery. This 
luminous triangle undergoes changes in dis- 
eases of the ear. A rather constant landmark 
is a small bulge that lies in the anterosuperior 
region and is known as the malleolar promi- 
nence; from this, anterior and posterior mal- 
leolar folds emerge, forming the boundaries 
for the flaccid portion of the membrane. 

The handle of the malleus runs from the 
malleolar prominence downward and back- 
ward as far as the umbo. The long crus of 
the incus, although lying on a deeper plane, 
can be seen lying behind and parallel with 
the handle of the malleus. The chorda tym- 
pani passes across the upper portion of the 
membrane. The ear drum is divided into four 
quadrants by 2 imaginary oblique lines: one 
is drawn downward and backward along the 
line of the handle of the malleus, the other 
at right angles to the first, downward and for- 
ward through the umbo. In this way 2 superior 
and 2 inferior quadrants are developed. 

The membrane is normally held taut by the 
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tensor tympani muscle. If the membrane rup- 
tures from violent pressure, it usually gives 
way at the anteroinferior quadrant or in the 
region of the malleus. Perforations of the infe- 
rior quadrants are usually caused by otitis me- 
dia. Since the largest blood vessels are found 
in the region of the handle of the malleus, 
redness is seen here most frequently. The ear 
drum is supplied by two nerves: the auriculo- 
temporal, which supplies its anterior half; and 
the auricular branch of the vagus, which sup- 
plies the posterior half. 


Myringotomy. The incision of the drum 
membrane (myringotomy) (Fig. 83) should be 
made under direct vision; it starts at the bot- 
tom and follows the periphery of the drum 
backward and upward. Starting at 6 o’clock, 
it passes through 7, 8, 9, 10 and stops at 11 
o'clock, thus avoiding important structures 
and providing adequate drainage. At its start- 
ing point such an incision avoids an abnormal 
jugular bulb, and at its upper end it avoids 
the incudostapedial articulation and the 
chorda tympani. 


Middle Ear 


The middle ear (tympanic cavity) (Fig. 84), 
an air space in the petrous portion of the tem- 
poral bone, is lined by mucous membrane and 
contains the auditory ossicles (malleus, incus 
and stapes) which transmit sound vibrations 
from the tympanic membrane to the internal 
ear. The tympanic cavity is about % inch in 
length and height and about one tenth to one 
sixth of an inch wide. 

Its uppermost part, the epitympanic recess 
or attic, lies above the level of the tympanic 
membrane and contains the head of the mal- 
leus and the body of the incus. In the walls 
of this recess are found several small compart- 
ments that may harbor infections which be- 
come chronic because of inadequate drainage. 
The roof of the epitympanic recess is a thin 
plate of bone called the tegmen tympani, 
which separates the recess from the middle 
cranial fossa. 

The middle ear has a roof, a floor and 4 
walls: lateral, medial, anterior and posterior. 
1. The tegmental wall (roof) is formed by the 
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Fig. 83. Paracentesis of the right tympanic membrane (myringotomy). The incision extends between 


6 and 11 o'clock. 


tegmen tympani, a thin plate of bone separat- 
ing it from the middle cranial fossa and the 
temporal lobe of the brain. 

2. The jugular wall (floor) is narrow and con- 
sists of thin bone separating the tympanic cav- 
ity from the jugular fossa. 

3. The lateral wall is formed mainly by the 
tympanic membrane, which does not reach 
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the roof of the cavity, the upper part of this 
wall being formed by the squamous portion 
of the temporal bone. 

4. The labyrinthic (medial) wall (Fig. 81) 
separates the tympanic cavity from the inter- 
nal ear and presents the following: The fora- 
men ovale (fenestra vestibuli) leads into the 
vestibule and is occupied by the base of the 
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Fig. 84. Sagittal section of right tympanic cavity (middle ear), viewed from within. 
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stapes. The promontory, a rounded projection 
formed by the first turn of the cochlea, is 
placed below the foramen ovale. The foramen 
rotundum (fenestra cochlea) lies at the bottom 
of a funnel-shaped depression that is situated 
behind the promontory and is closed by a 
membrane known as the secondary tympanic 
membrane which covers an aperture in the 
bone leading to the scala tympani of the co- 
chlea. Finally, the prominence of the facial 
canal is produced by the facial nerve running 
backward along the upper part of the medial 
wall, then turning downward in the medial 
wall of the aditus. 

5. The carotid (anterior) wall opens directly 
into the auditory (eustachian) tube. This tube 
runs downward, forward and medially into 
the nasopharynx, except in children where 
the direction of the tube is practically horizon- 
tal. The middle ear is most commonly infected 
by microorganisms which pass along the eu- 
stachian tube from an infected nasopharynx. 
Above, the tube lodges the tensor tympani 
muscle, and the bone to its medial side makes 
up the lateral wall of the carotid canal. 

6. The mastoid (posterior) wall presents a 
large aperture above known as the aditus to 
the antrum; this leads to the mastoid antrum. 
Below this the pyramidal eminence is found 
just behind the foramen ovale and contains 
the stapedius muscle, the tendon of which 
projects through the apex. 

Since the middle ear is frequently diseased, 
its relation to important structures and various 
paths through which infection may travel be- 
comes important. Infection may result in: (1) 
erosion through the roof, causing meningitis 
or intracranial abscess; (2) involvement 
through the tympanic floor encroaching upon 
the internal jugular vein and causing fatal 
hemorrhage or septic thrombophlebitis; (3) 
erosion of the anterior wall, followed by ulcer- 
ation into the carotid artery with fatal hemor- 
rhage; (4) extension to the prominence of the 
facial canal on the medial wall, resulting in 
permanent facial paralysis; (5) involvement of 
the internal ear with resultant permanent 
deafness; (6) infection of the mastoid antrum 
and cells (mastoiditis). 

The muscles of importance in this region 
are the tensor tympani and the stapedius. The 
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tensor tympani muscle lies in a small canal 
above the Eustachian tube, taking its origin 
from the cartilage of this tube. Its tendon 
bends at right angles around a bony pulley, 
runs laterally across the cavity of the middle 
ear and is inserted into the medial ear and 
is inserted into the medial side of the manu- 
brium of the malleus. It is innervated by the 
mandibular nerve (otic ganglion), and its ac- 
tion is indicated by its name. The stapedius 
muscle is lodged in the pyramid, from the 
apex of which its tendon issues, and is inserted 
into the posterior part of the neck of the 
stapes. This muscle draws the neck of the 
stapes backward and is innervated by the fa- 
cial nerve. 


Auditory Ossicles (Fig. 84). There are three 
auditory ossicles: malleus, incus and stapes; 
they form a bony chain across the middle ear, 
passing from the tympanic membrane to the 
fenestra vestibuli (foramen ovale). 

The malleus (hammer) has 5 parts: (1) a 
head, which is the thickened upper part and 
contains a facet on its posterior surface for 
articulation with the body of the incus; (2) a 
neck, which is a constriction below the head; 
(3) the handle (manubrium), which is a long, 
tapering process passing downward and back- 
ward, closely attached in its whole extent to 
the tympanic membrane and continuing 
backward to the umbo; (4) the lateral process, 
which arises from the root of the handle and 
projects laterally; it attaches to the tympanic 
membrane by the anterior and the posterior 
malleolar folds that bound the flaccid part of 
the ear drum; (5) the anterior process, a slen- 
der spicule that passes from the neck down- 
ward and forward to the squamotympanic fis- 
sure. 

The incus (anvil) is a bone that has been 
likened to a 2-fanged tooth that has 3 parts: 
(1) a body that articulates in front by a funnel- 
shaped facet with the head of the malleus; 
(2) the short crus attached to the margin of 
the aditus to the antrum; (3) the long crus, 
which passes downward, behind and parallel 
with the handle of the malleus. The tip pro- 
jects medially and terminates in the lenticular 
process that articulates with the head of the 
stapes. The shadow of the long process at 
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times may be seen in the posterior part of 
the membrane on otoscopic examination. 

The stapes (stirrup) consists of a head that 
faces laterally and articulates with the len- 
tiform nodule of the incus; the neck, where 
the tendon of the stapedius is inserted; the 
limbs that arise from the constricted neck and 
pass medially to the extremities of the base, 
the anterior crus being shorter and straighter 
than the posterior; the base that dips into the 
foramen ovale is kidney-shaped, the more 
convex border of the kidney appearing upper- 
most, and is held firmly in place in the fora- 
men by an annular ligament. The bones are 
connected by joints lined by synovia and are 
bound together and secured to the walls of 
the cavity by the following ligaments: the an- 
terior ligament of the malleus, passing be- 
tween the lateral process and the posterior 
malleolar fold; the superior ligament of the 
malleus, passing between the head of the mal- 
leus and the roof of the tympanic cavity; the 
posterior ligament of the incus, passing be- 
tween the short process of the incus and the 
posterior wall of the tympanic cavity; the an- 
nular ligament of the stapes, connecting the 
base of thestapes with the apex of the foramen 
ovale. 

The tympanic cavity contains folds of mu- 
cous membrane that extend from the inner 
walls to the ossicles. The continuation of this 
mucous membrane with that lining the audi- 
tory tube, the mastoid antrum and the mastoid 
air cells explains the ever-present danger of 
pharyngeal infections spreading to the tym- 
panic cavity, ear bones and air spaces. 


Tympanic (Mastoid) Antrum. The tympanic 
antrum is a large recess situated in the poste- 
rior part of the petrous portion of the tempo- 
ral bone. It is about the size of a small pea 
and is really a large mastoid air cell (Fig. 84). 

The aditus to the antrum, an oval slit with 
its long axis nearly vertical and measuring 
about a % inch, connects the epitympanic re- 
cess with the antrum. Any obstruction of this 
narrow aperture favors stasis and retention 
of inflammatory exudates that may find their 
way to the mastoid cells. Both the aditus and 
the antrum lie just below the tegmen tympani. 
Since the aditus opens close to the roof of the 
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antrum, it is not in an efficient place to drain 
that cavity. 

The tympanic antrum is relatively larger 
and more superficial in the child than in the 
adult. Superiorly, it has a roof that is the back- 
ward continuation of the tegmen tympani and 
is, therefore, in close relationship to the mid- 
dle cranial fossa and the temporal lobe of the 
brain. Involvement of this wall may cause a 
subtemporal abscess. Its anterior wall has in 
its upper part an opening which communi- 
cates with the epitympanic recess; this open- 
ing has been referred to above as the aditus. 
Its posterior wall opens into mastoid air cells 
and separates the antrum from the sigmoid 
(transverse) sinus and the cerebellar hemi- 
sphere. The lateral wall is formed by the squa- 
mous part of the temporal bone, is about 2 
inch thick in the adult, is the wall of surgical 
approach and projects laterally in that part 
of the temporal bone that is covered by the 
auricle. 

Above the promontory and even above the 
fenestra vestibuli is found the canal for the 
facial nerve (aqueduct of Fallopius). This ca- 
nal contains the facial nerve as it travels in 
its intrapetrous portion. It also forms a ridge, 
the wall of which is so extremely thin that 
the nerve may be seen through it. Above the 
fenestra ovalis the facial canal, together with 
the external semicircular canal, form the in- 
ner boundary of the aditus. This is an impor- 
tant relationship and should be kept in mind 
in any operative procedure in this region. At 
the medial wall of the aditus the facial canal 
curves downward and opens on the inferior 
surface of the temporal bone at the stylomas- 
toid foramen. 

The chorda tympani nerve passes forward 
between the handle of the malleus and the 
long process of the incus, reaching a small 
opening in front of the upper part of the tym- 
panic ring. 

The mastoid process does not exist at birth 
but begins its development at the end of the 
first year. As it grows, its diploë is gradually 
replaced by air cells. 

The mastoid cells usually occupy the whole 
of the mastoid process, which has a very thin 
coating of compact bone. In the upper part 
the cells communicate with the antrum; at 
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the middle of the mastoid process they in- 
crease in size. Since the mastoid cells are de- 
veloped as outgrowths from the mucous mem- 
brane of the middle ear and the antrum, they 
are lined by the membrane and are filled with 
air from these cavities. The cells near the apex 
of the mastoid are smaller and do not commu- 
nicate with those above; the lowermost._cells 
contain marrow and not air and represent the 
unaltered diploé of the cranial bones. Infec- 
tion from the tympanic cavity may invade 
these cells, spread down the mastoid process 
and invade the deepest-lying cells. If the for- 
mation of air cells (pneumatisation) is com- 
plete, the entire mastoid process is composed 
of these large air spaces; this is known as the 
pneumatic type of mastoid. However, if pneu- 
matisation is interfered with so that the cells 
do not develop, the diploic type of mastoid 
process results, in which the structure resem- 
bles the other cranial bones (outer and inner 
tables with diploé between). When this occurs, 
the antrum is the only cell present. The scle- 
rotic type of mastoid process is one in which 
the process is composed of very dense com- 
pact bone and is usually the result of a chronic 
infection that has interfered with the absorp- 
tion of the diploé and the pneumatisation pro- 
cess. It results in an acellular mastoid that is 
extremely hard. 


Clinical and Surgical 
Considerations 


Mastoiditis, Simple and Radical 
Mastoid Surgery 


In mastoiditis, suppurating mastoid cells can 
involve the lateral sinus. This involvement 
may be the result of contamination of the 
small veins that reach the sinus through the 
bone or by direct infection from a perisinus 
abscess. From the lateral sinus, extension can 
take place to the internal jugular vein or even 
to the other side of the skull by way of the 
confluence of sinuses. Mastoid disease may ex- 
tend upward through the roof of the antrum, 
involve the brain and the meninges and result 
in meningitis, extradural or brain abscesses. 
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Mastoiditis usually follows an acute disease 
of the tympanic cavity because of the mucous 
membrane continuity. Once the mastoid cells 
have become involved, the infection may 
spread in one of many ways, traveling either 
to the transverse sinus or to the meninges and 
the brain; the facial nerve may become in- 
volved, or the cortex of the mastoid process 
itself might be perforated. 

In performing a simple mastoid operation 
(mastoidectomy or antrotomy), it is possible 
to injure vital structures (Fig. 85). If the open- 
ing in the antrum extends too far upward, the 
middle cranial fossa may be opened; if too 
far backward, the transverse sinus is entered, 
and if the opening is placed too deep, the fa- 
cial nerve may be injured. In doing this opera- 
tion, an incision is made about '% inch poste- 
rior to and parallel with the insertion of the 
auricle; separation of the soft parts from the 
bone subperiosteally is carried anteriorly to 
the posterior margin of the auditory canal, 
superiorly and anteriorly to the suprameatal 
spine and posteriorly far enough to expose the 
mastoid process. Chiseling is begun in an an- 
gle formed by the temporal line above and 
the posterior bony wall of the canal in front. 
The chisel should always chip in a direction 
parallel with the auditory meatus. After the 
antrum is opened, it is explored, and the open- 
ing is enlarged as desired. The diseased cells 
and carious bone are removed; the wound is 
irrigated, dried and packed. Closure with 
drainage follows. 

The radical mastoid operation converts the 
mastoid antrum, the cells and the middle ear 
into a single cavity, and all the ossicles except 
the stapes are removed. 


Auditory (Pharyngotympanic, Eustachian) 
Tube. This tube is an osseocartilaginous tube 
about 1% inches long which connects the tym- 
panic cavity with the nasopharynx (Fig. 81). 
The posterior third is bony, and the anterior 
two thirds partly cartilaginous and partly fi- 
brous. The mucous membrane lining the tube 
is continuous with that of the middle ear and 
the pharynx. 

Through this tube the air pressure on both 
sides of the ear drum is equalized; should the 
tube become obstructed by edema, etc., air 
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cannot enter, and a negative pressure results 
in the tympanic cavity. With the atmospheric 
pressure on the outer side of the drum, the 
membrane retracts into the cavity and a sensa- 
tion of fullness in the ear results. The course 
of the tube is downward, medially and for- 
ward from the tympanic cavity, its narrowest 
part, the isthmus, lying at the junction of the 
cartilaginous and bony parts. 

The cartilaginous portion opens from the 
lateral wall of the nasal fossa close to the phar- 
yngeal opening and presents medial and lat- 
eral walls which lie so close together that only 
a slitlike cavity results. 

The bony part of the tube is in relation supe- 
riorly to the canal of the tensor tympani mus- 
cle, anterolaterally to the petrotympanic fis- 
sure, and posteromedially to the carotid canal 
and its contents (Fig. 84). Normally, the pha- 
ryngeal orifice is closed. During swallowing 
and yawning it opens by means of the action 
of the tensor veli palatini muscle. The tym- 
panic orifice is located in the anterior wall 
of the tympanic cavity below the canal for 
the tensor tympani muscle. 

Inflation of the middle ear may be accom- 
plished by Valsalva’s method. The patient 
closes the mouth and the nose and forcibly 
blows out the cheeks. This drives air through 
the auditory tube, a sense of fullness is felt 
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in the ears and hearing is diminished because 
of the resulting distention of the tympanic 
membrane. The same may be accomplished 
by the Politzer method, where the nozzle of 
a Politzer bag is inserted into the nostril, and 
the nose is closed. The patient then swallows, 
and the bag is compressed, forcing air into 
the tympanum. 


Internal Ear 


The internal ear (labyrinth) is situated in the 
petrous portion of the temporal bone and is 
concerned with sound perception, orientation 
and balancing (Figs. 86 and 87). It consists of 
2 labyrinths, a bony labyrinth which contains 
a membranous one. For the greater part, the 
membranous labyrinth is not in contact with 
its bony labyrinth but is surrounded by a fluid 
known as perilymph. 

The bony labyrinth is about 3 mm. thick. 
It is as hard as ivory and consists of the cochlea, 
the vestibule and the semicircular canals (Fig. 
87). 

The cochlea resembles a small shell that 
makes 2% turns. It may also be likened to a 
spiral staircase that makes its turns around a 
central pillar called the modiolus. The prom- 
ontory on the medial wall of the tympanic 
cavity is formed by the first coil of the cochlea. 


Fig. 86. The middle and the internal ear, seen from above. 
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Fig. 87. The internal ear (labyrinth): (A) lateral view of the right bony labyrinth, (B) interior of the 


right bony labyrinth, (C) the membranous labyrinth. 


The base of the cochlea passes backward and 
medially to form part of the floor of the me- 
atus. The cupula cochleae is directed forward 
and lateralward. A spiral ledge of bone pro- 
jects from the modiolus and divides the co- 
chlea into a scala vestibuli in front and a scala 
tympani behind (Fig. 81). The ductus peri- 
lymphaticus passes from the scala tympani 
through the petrous bone to the notch at the 
margin of the jugular foramen. This duct 
brings the perilymph of the bony labyrinth 
and the cerebrospinal fluid of the sub- 
arachnoid space into communication. The co- 
chlea opens posteriorly into the bony vesti- 


bule, which contains the membranous saccule 
and the utricle. 


Vestibule. The central part of the bony laby- 
rinth is situated behind the cochlea, in front 
of the semicircular canals and medial to the 
tympanic cavity. On its lateral (tympanic) wall 
is the fenestra vestibuli, which is closed by 
the stapes. Medially, it communicates with the 
posterior cranial fossa through the aqueduct 
of the vestibule. The 5 openings of the semicir- 
cular canals are found in the posterior part 
of the vestibule. On the lateral wall the sec- 
ondary tympanic membrane closes the fenes- 
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tra of the cochlea, thus separating the peri- 
lymphatic space from the tympanic cavity. 


Semicircular Canals. The 3 bony semicircu- 
lar canals are horseshoe-shaped, contain the 
membranous semicircular ducts and open into 
the posterior part of the vestibule. They are 
from 12 to 22 mm. in length, and each is less 
than 1 mm. in diameter, except at one end 
where they form a bulge known as the am- 
pulla. They are named superior, posterior and 
lateral. The superior is nearly coronal, the pos- 
terior nearly sagittal, the lateral nearly hori- 
zontal. The anterior part of the lateral canal 
lies in the medial wall of the aditus to the 
antrum immediately above the canal for the 
facial nerve. These 3 canals open into the ves- 
tibule by only 5 apertures because the medial 
end of the superior joins the upper end of 
the posterior, forming a single canal known 
as the common crus (Figs. 81, 86 and 87). 


Membranous Labyrinth. This lies within the 
bony labyrinth and consists of sacs that contain 
a fluid known as endolymph (Fig. 87 C). It 
has the same general form as has the bony 
labyrinth but is somewhat smaller and is sepa- 
rated from the bony walls by a fluid known 
as perilymph. It differs in form slightly from 
the bony labyrinth in the region of the osseous 
vestibule where the membranous labyrinth 
consists of 2 membranous sacs: the utricle and 
the saccule. This labyrinth consists of the coch- 
lear duct, the saccule, the utricle, and 3 semi- 
circular ducts. 

Méniére’s disease is characterized by dizzi- 
ness, tinnitus and possibly deafness. Its cause 
is not known but many authorities believe that 
there is an accompanying dilation of the endo- 
lymphatic system which exerts pressure upon 
the nerve endings; hence the condition has 
been referred to as endolymphatic hydrops. 
Some of these patients become so distressed 
that they submit to various surgical proce- 
dures. Surgery in this area has not been too 
successful and at times results in loss of hear- 
ing. With the present research in hyperviscos- 
ity and gammopathies, it is quite possible that 
surgery may become totally outmoded for this 
most distressing condition. 


Cochlear Duct. This contains the spiral organ 
of Corti, which is the essential part of the or- 
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gan of hearing. The membranous cochlea is 


a membranous tube which consists of 3 parts: 
scala tympani, scala vestibuli and duct of the 
chochlea. The last contains the spiral organ 
to which the cochlear nerve is distributed. 
The cochlear duct lies lateral to the scala vesti- 
buli and is separated from it by the vestibular 
wall of cochlear duct which passes from the 
spiral membrane upward and laterally to the 
roof of the scala. A triangular section results; 
this is bounded medially by the vestibular 
membrane, laterally and above by the lateral 
wall of the cochlea and below by the basilar 
lamina. The elongated spiral ganglion is situ- 
ated in a canal that runs around the modiolus 
at the base of the spiral lamina. The peripheral 
branches from the ganglion pass to the organ 
of Corti; the central branches leave the bone 
through the foramina at the base of the inter- 
nal auditory meatus and constitute the coch- 
lear part of the auditory nerve. The organ of 
Corti presents the important functional ele- 
ment in the hair-bearing cells which receive 
the ending of the cochlear nerve. Posteriorly, 
the duct of the cochlea is connected with the 
saccule by the ductus reuniens, and it termi- 
nates in a blind cone-shaped extremity. 


Utricle and Saccule. These 2 membranous 
sacs are situated in the bony vestibule and 
are indirectly connected to each other. The 
utricle, the larger of the two sacs, is situated 
in the posterior and upper parts of the vesti- 
bule and receives the apertures of the mem- 
branous semicircular canals posteriorly; a nar- 
row duct called the ductus utriculosaccularis 
leaves it. The saccule is smaller and rounder, 
and the narrow ductus endolymphaticus 
leaves its posterior end to join the ductus 
utriculosaccularis. The junction of these 2 
ducts ends in a small blind sac called the sac- 
cus endolymphaticus which is situated in the 
aqueduct of the vestibule close to the dura 
mater on the posterior surface of the petrous 
portion of the temporal bone. 


Semicircular Ducts. These ducts are about 
one third the size of the semicircular canals, 
but in number, shape and form they are simi- 
lar, and each presents an ampulla at one end. 
They open by 5 orifices into the utricle, one 
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opening being common to the medial end of 
the anterior duct and the upper end of the 
posterior duct. With the utricle, the semicircu- 
lar ducts receive the terminal branches of the 
vestibular nerve. The ducts, the utricle and 
the saccule are all held in position by numer- 
ous fibrous bands which stretch across the 
space between them and the osseous walls. 

The various parts of the membranous laby- 
rinth communicate with each other and con- 
tain a fluid called endolymph. It represents 
a closed system and does not communicate 
with the subarachnoid space. 

The vestibulocochlear nerve (Fig. 86) di- 
vides in the internal auditory meatus into 2 
main branches: the vestibular and the coch- 
lear. The posterior or vestibular branch sup- 
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plies the utricle, the saccule and the ampullae 
of the semicircular canals. The inferior or 
cochlear branch is distributed to the cochlea. 

The nerve divides into numerous filaments 
which pass through foramina which lead to 
small canals; these canals pass through the mo- 
diolus and then radiate laterally between the 
bony layer of the spiral lamina to the spiral 
organ of Corti. 

For practical purposes, all pyogenic involve- 
ment of the labyrinth results from middle-ear 
infections. Functional changes in the laby- 
rinth indicate invasion and possible meningeal 
involvement. Since the labyrinth is so small 
and the nerve endings so close, diffuse suppu- 
ration would destroy them and abolish their 
activity. 


SECTION 1 HEAD 


Chapter 6 


Face 


Embryology 


At the anterior end of the embryo an opening 
called the stomodeum appears during the lat- 
ter part of the first month of intrauterine life. 
The face is formed from five processes sur- 
rounding this opening: 1 frontonasal, 2 maxil- 
lary and 2 mandibular processes (Fig. 88). The 
mandibular processes grow medially, fuse and 
unite in the midline, forming the lower jaw 
or mandible. When a failure of fusion of these 
processes occurs, a fissure of the lower lip re- 
sults. The fusion of the upper processes con- 
verts the single stomodeal orifice into the 
cheeks, the whole upper lip except the phil- 
trum (the vertical groove in the middle of the 
upper lip), most of the upper jaw and the 
palate. The appearance of an olfactory pit di- 
vides the frontonasal process into a medial and 
2 lateral nasal processes. The medial process 
forms the septum of the nose, the philtrum 
and premaxilla; the lateral processes form the 
side of the nose but take no part in the forma- 
tion of the upper lip. By imperfect fusion vari- 
ous defects result, such as harelip, macro- 
stoma, microstoma, cleft palate, etc. 


Skin, Blood, and Nerve Supply 


Skin. The skin of the face is thin, vascular, 
movable and abundantly supplied with seba- 
ceous and sweat glands. The absence of deep 
fascia in the anterior aspect of the face permits 
muscles arising from the bone to be inserted 
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directly into the skin. The glands situated in 
the skin lie in immediate relationship to the 
subjacent loose areolar tissue, and it is the 
presence of this loose tissue, unsupported by 
deep fascia, that permits the rapid spread of 
edema. Over the lower part of the nose, how- 
ever, the skin is firmly bound to the underly- 
ing cartilage, and inflammations here are ex- 
tremely painful. The skin over the chin 
resembles the integument of the scalp in that 
it is very dense and adherent to the parts be- 
neath. 

Because of its mobility and vascularity, the 
skin of the face is especially adaptable to plas- 
tic operations and sound healing. The “dan- 
gerous area’ of the face is triangular and 
bounded by lines that join the root of the nose 
with the angles of the mouth. The venous 
drainage from this area enters the angular 
vein, which communicates with the cavernous 
sinus via the superior ophthalmic vein. There- 
fore, boils or carbuncles in this region may 
produce a cavernous sinus thrombosis (Fig. 
31). 


Blood Supply. The blood supply of the face 
is free, and anastomoses are numerous (Fig. 
2). The arterioles have a rich supply of sympa- 
thetic vasomotor nerves from the superior 
cervical ganglion, and because of this, blush- 
ing and blanching occur readily in emotional 
states. The main artery of the face is the facial 
(external maxillary), which is a branch of the 
external carotid. It appears at the base of the 
jaw immediately in front of the masseter mus- 
cle, passes upward in a tortuous manner to- 
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Fig. 88. Embryogenesis of the face: (A) before the 
appearance of the olfactory pit; (B) after the ap- 
pearance of the olfactory pit. 


ward the angle of the mouth and the side of 
the nose, and terminates near the inner can- 
thus of the eye, where it anastomoses with 
the nasal branch of the ophthalmic artery. It 
crosses the lower jaw, the buccinator muscle, 
the upper jaw and the levator angulis oris; it 
is covered superficially by the platysma, the 
risorius, the zygomaticus major and minor and 
the levator labii superioris. In its lower part 
the artery rests directly on the mandible and 
is covered only by skin and the risorius muscle. 
Leaving the mandible, it travels on the surface 
of the buccinator and a little higher is crossed 
by the zygomaticus major muscle. In the inter- 
val between these 2 muscles it is covered only 
by skin and superficial fascia. Its accompany- 
ing veins lie behind it on the masseter. The 
cervical branch of the facial nerve enters the 
face superficial to the artery. A rich anastomo- 
sis occurs between the vessels of the 2 sides, 
and an additional anastomosis exists between 
the facial artery and the arteries which accom- 
pany the cutaneous branches of the 5th nerve 
on the face (ophthalmic and maxillary arte- 
ries). 
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The facial artery supplies superior and infe- 
rior labial arteries which pass medially in the 
upper and the lower lips; they are situated 
in the submucous tissue about % inch from 
the mucocutaneous junction, where their pul- 
sations can be felt easily. Each anastomoses 
with its fellow of the opposite side and forms 
an arterial ring around the lips. During opera- 
tions these vessels may be controlled by grasp- 
ing the lip between the fingers and the thumb. 
The superior labial artery supplies a small 
branch to the nasal septum. 

Because of the marked vascularity, exten- 
sive areas of facial skin, torn in lacerating 
wounds, often retain their viability and may 
be sutured back into place. 

The facial vein is the companion vein of 
the facial artery. It is formed near the inner 
angle of the eye by the union of the supraor- 
bital and supratrochlear veins and passes be- 
hind the artery, taking a less tortuous but 
more superficial course. It makes three impor- 
tant connections: with the diploic veins 
through the frontal diploic veins; with the 
pterygoid plexus through the deep facial 
veins; and with the cavernous sinus through 
the superior ophthalmic vein. The vein itself 
terminates in the internal jugular vein. The 
important relationship between this vessel 
and the “dangerous area” of the face has been 
stressed. 


Nerves. The nerves of the face are branches 
of the facial, which supplies the muscles of 
expression, and the trigeminal, which sup- 
plies the integument and the muscles of masti- 
cation (Figs. 42 and 45). 

The entire skin of the face, with the excep- 
tion of the area over the lower half of the 
ramus of the mandible, which is supplied by 
the great auricular nerve, is innervated by the 
3 divisions of the trigeminal nerve. Since the 
face is developed from 3 rudiments, the fron- 
tonasal, the maxillary and the mandibular pro- 
cesses, each possesses its own sensory nerve. 
These nerves make up the 3 divisions of the 
trigeminal: the ophthalmic, the maxillary and 
the mandibular (Fig. 42). 

The ophthalmic, or first division of the tri- 
geminal nerve, has 5 cutaneous branches: (1) 
The supraorbital nerve leaves the orbit 
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through the supraorbital notch or foramen 
about 2 fingerbreadths from the median line. 
It divides into lateral and medial branches 
which supply the central portion of the upper 
eyelid, and then ascends to innervate the skin 
of the forehead and the scalp as far back as 
the vertex. It is accompanied by the supraor- 
bital branch of the ophthalmic artery. (2) The 
supratrochlear nerve emerges about one fin- 
gerbreadth from the median plane and sup- 
plies the medial part of the upper eyelid and a 
small area of the forehead above the root of 
the nose. (3) The infratrochlear nerve emerges 
from the orbit above the medial palpebral 
ligament and supplies a small area of skin 
around the upper eyelid and the adjacent part 
of the nose. (4) The external nasal branch of 
the anterior ethmoidal nerve emerges on the 
face at the lower border of the nasal bone 
and supplies the skin of the nose as far down 
as its tip. (5) The lacrimal nerve supplies the 
lateral part of the upper eyelid and the corre- 
sponding part of the conjunctiva. 

At times a nasociliary division of the 
ophthalmic nerve is described; it has been re- 
ferred to in this text as the infratrochlear or 
the external nasal nerve. 

The maxillary, or 2nd division of the tri- 
geminal nerve, has the following branches: (1) 
The infraorbital nerve, a direct continuation 
of the maxillary, emerges from the infraorbital 
foramen, passes under cover of the levator 
labii superioris and is accompanied by a small 
artery. It divides into terminal branches: the 
palpebral for the lower lid, nasal for the poste- 
rior part of the nose, labial for the upper lip, 
and buccal for the cheek. (2) The zygomatico- 
facial branch of the zygomatic nerve appears 
through the foramen of the same name as a 
twig and supplies the skin over the bony 
prominence of the cheek. (3) The zygomatico- 
temporal branch of the zygomatic nerve 
passes through the foramen of the same name, 
pierces the temporal fascia near the zygo- 
matic bone and supplies the skin of the ante- 
rior part of the temple. 

The mandibular, or third division of the 
trigeminal nerve, has 3 branches which reach 
the skin: (1) The mental nerve emerges 
through the mental foramen and is situated 
deep to the depressor anguli oris; it sends its 
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terminal branches to the lower lip, the chin 
and the skin over the body of the mandible. 
(2) The buccal nerve appears at the anterior 
border of the ramus of the jaw below the level 
of the parotid duct and travels almost to the 
angle of the mouth. It supplies the skin over 
the cheek, and the branches that pierce the 
buccinator supply the mucous membrane of 
the cheek. (3) The auriculotemporal nerve is 
accompanied by the superficial temporal ar- 
tery and passes under cover of the parotid 
gland. As its name implies, it supplies cutane- 
ous branches to the auricle and the temporal 
region, but it also supplies the modified skin 
which lines the external auditory meatus and 
cover the outer surface of the tympanic mem- 
brane. The terminal branches on the scalp 
may reach as high as the vertex. 

The mandibular nerve supplies the skin 
over the lower jaw but extends onto the exter- 
nal ear and upward to the side of the head. 

The branches of the 5th nerve which appear 
on the face communicate with branches of 
the 7th. For this reason a lesion in the territory 
of the 5th may cause a reflex spasm involving 
the facial muscles and producing a so-called 
facial tic. These conditions are treated best 
by removing the irritating cause, but they may 
require temporary interruption of the reflex 
arc by crushing the 7th nerve where it leaves 
the stylomastoid foramen. Trigeminal neural- 
gia is manifested by acute pain in the parts 
supplied by branches of the 5th nerve and 
may be due to carious teeth, sinus disease or 
irritative lesions within the cranium. In some 
cases of intractable neuralgia where all 
sources of possible peripheral irritation have 
been removed, it may be necessary either to 
resect nerves where they leave their bony ca- 
nals or inject them with alcohol. If a lesion 
completely involves the 5th nerve, an exten- 
sive anesthesia of the same side of the face 
results which extends exactly to the midline. 
The muscles of mastication of the same side 
are also paralyzed, but the buccinator, which 
is supplied by the 7th nerve, remains intact. 
If only the lst and the 2nd divisions of the 
5th nerve are severed, the loss is entirely sen- 
sory, but if the 3rd division is cut, there is a 
sensory loss as well as a paralysis of mastica- 
tion. 


Clinical and Surgical Considerations 


The facial nerve, supplying motor branches 
to the muscles of expression (Fig. 93), also 
sends fibers to the stapedius, the stylohyoid, 
the posterior belly of the digastric, the scalp 
muscles, the auricle, and the face, including 
the buccinator and the platysma; it provides 
secretory fibers to the salivary glands and sen- 
sory (taste) fibers to the tongue and the palate. 
Developmentally, the 7th is the nerve of the 
hyoid arch; therefore, it supplies all the mus- 
cles derived from it. It leaves the skull at the 
stylomastoid foramen, turns forward, laterally 
and slightly downward, then enters the 
parotid isthmus and passes between the supe- 
rior and the deep lobes of the gland. It lies 
superficial to the external carotid artery and 
the posterior facial vein and may be injured 
in operations in this region or on the parotid 
gland. The terminal branches of the nerve ap- 
pear at the margins of the parotid and spread 
like the rays of an open fan or a goose’s foot 
(pes anserinus). The 5 terminal branches are: 
(1) The temporal branch appears at the upper 
border of the gland and runs upward and for- 
ward to supply the facial muscles above the 
zygoma and the frontalis muscle. (2) The zygo- 
matic branch emerges from the anterior bor- 
der of the parotid above the parotid duct and 
supplies the muscles below the eye. (3) The 
buccal (nerve) branch passes below the duct 
and supplies the buccinator and the orbicu- 
laris oris; it communicates with the buccal 
branch from the mandibular division of the 
trigeminal nerve. (4) The mandibular (mar- 
ginal) branch emerges still lower and supplies 
the muscles of the chin and the lower lip. (5) 
The cervical branch appears at the lower end 
of the parotid, passes within a fingerbreadth 
of the angle of the jaw between the platysma 
and the deep fascia, supplies the platysma and 
then sends twigs up to the muscles of the 
lower lip. 

Some authors are of the opinion that there 
is a complicated and intricate intermingling 
of the various branches of the facial nerve so 
that the fibers meant for one group find their 
way to another. 

Injury to the facial nerve produces paralysis 
and facial disfigurement. There is distortion 
of the face from the pull of the unopposed 
muscles of the uninvolved side. On the in- 
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volved side there is a lack of muscular action 
that is noted when the patient attempts to 
smile or frown; also present is an obliteration 
of the facial furrows. Whenever possible re- 
anastomosis of the facial nerve should be at- 
tempted. There are times when the anastomo- 
sis of the hypoglossal nerve to the injured fa- 
cial nerve produces acceptable results. 


Clinical and Surgical 
Considerations 


Trigeminal Neuralgia. Trigeminal neuralgia 
(tic douloureux, facial neuralgia) is a neuralgia 
of the 5th cranial nerve which is associated 
with severe pain along one or more of its divi- 
sions. Some surgical measures have been 
adopted to alleviate or cure the condition, 
among them alcohol injection into the nerve 
or into the gasserian ganglion and, if this fails, 
division of its sensory route. Most authorities 
have abandoned operations on the ganglion, 
since good results are obtained by section of 
the sensory root. The first division of this 
nerve is rarely at fault, but involvements of 
the 2nd and the 3rd divisions are frequent. 


Injection of the Maxillary Nerve. Injection of 
the maxillary nerve should be done where the 
nerve emerges from the foramen rotundum 
into the pterygopalatine fossa. Two points 
should be marked (Fig. 89 A): the first is 
marked in the angle between the anterior bor- 
der of the coronoid process and the lower bor- 
der of the zygomatic arch; the second is 
marked in the angle between the upper bor- 
der of the zygoma and its frontal process. 
Then these 2 lines are joined by a straight 
line, and a needle is inserted at the first point 
and passed upward and inward at an angle 
of 45° with the horizontal. The needle is kept 
in the direction of the line constructed and 
passes behind the mandible to enter the ptery- 
gopalatine fossa. It will strike the bone which 
forms the margin of the foramen rotundum 
about 2 or 3 inches from the surface. The in- 
jection, first of procaine and then of alcohol, 
is made at this point. 


Injection of the Mandibular Nerve (Fig. 89 
A, B). This is done at the foramen ovale. The 


122 


Head: Face 


Lat. pterygoid rn. (cut) 

















(cut 


Position Of needle 
for maxillary 
nerve rer ad 


4 


Position of __---- 
needle for 

mandibular / 
nerve block 


r 


First st 
eee ed 
0 ex te 
goid plate > 


Second step: ’ 
Needle directed 
to mandibular 
212rve 





‘Ext pte d 
` plate eye 


Masseterm: 


Trigeminal 

. Slion 
(asserian) 

A Pe. Int.carotida. 
—<..Ophthalmicn, 


.. Intra- 
¥--orbitaln. 


P - 


Fig. 89. Injection of the maxillary and the mandibular nerves: (A) direction of needle for the injection 
of the maxillary and the mandibular nerves, (B) injection of the mandibular nerve. 


needle is inserted at the center of and under 
the zygomatic arch and then directed slightly 
forward. It will strike the outer lamella of the 
pterygoid process. Then the needle is with- 
drawn slightly and directed backward, where 
it will enter the foramen ovale. 


Injection of the Trigeminal (Gasserian) Gan- 
glion (Fig. 90). This is made through the fora- 
men ovale and is done in the following way: 


a mark is made on the skin of the face about 
3 cm. to the side of, and a similar distance 
above, the angle of the mouth. An imaginary 
line is drawn from this proposed point of en- 
trance to the pupil, and a second line is drawn 
from this point to the auricular tubercle of 
the same side. The needle is introduced and 
advanced toward the center of the zygomatic 
arch in the plane joining the point of entry 
of the needle to the pupil when the patient 
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Fig. 90. Injection of the trigeminal (Gasserian) ganglion. 


is viewed from the front. The needle strikes 
the infratemporal bony plane and then is with- 
drawn gently and pushed up in a more poste- 
rior direction; this is continued until, when 
viewed from the front, the needle is in the 
plane of the first line and, when viewed from 
the side, in the plane of the second line. It 
then enters the foramen ovale and there will 
encounter the ganglion. 

Division of the sensory root of the 5th nerve 
(Fig. 91) was perfected by Frazier. A vertical 


incision is made which divides the skin, the 
temporal fascia and the underlying muscle. 
The periosteum is incised and detached from 
the temporal bone by means of a periosteal 
elevator; a burr hole is made through the tem- 
poral bone and enlarged with bone forceps. 
The dura is separated from the base of the 
skull, and a retractor elevates the brain from 
the base of the middle fossa. The middle men- 
ingeal artery is exposed, cut and ligated as it 
emerges into the middle fossa through the fo- 
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Fig. 91. Division of the sensory root of the trigeminal nerve. 


ramen spinosum. The dura is stripped until 
the 3rd division of the 5th nerve and the edge 
of the foramen ovale are exposed; the sheath 
of the nerve is incised and gently pushed up- 
ward and backward until the gasserian gan- 
glion is seen. A small flap of arachnoid is 
turned downward, exposing the fan-shaped f- 
bers of the sensory root. The sensory fibers 
are drawn outward, exposing the motor root. 
The sensory root is divided behind the gan- 
glion. 


Muscles 


The facial muscles are placed around the ori- 
fices of the eye, the ear, the nose and the 
mouth and act as sphincters or dilators (Fig. 


92). All are innervated by the 7th (facial) 
nerve. It is extremely difficult to memorize 
this confusing group; hence, it is best to locate 
2 landmarks around which the muscles are 
arranged. The 2 landmarks are the 2 orbicu- 
laris muscles, namely, the orbicularis oculi and 
the orbicularis oris. Two muscles are associ- 
ated with the nose, 2 muscles with the zy- 
goma, 2 are levators of the lip, 2 are at the 
angle of the mouth, 2 are placed at the lower 
lip, and the 2 remaining muscles are associ- 
ated with the chin and the cheek. 


Orbicularis Oculi. This muscle has 3 parts, 
namely, the orbital, the palpebral and the 
lacrimal. The orbital portion passes in circular 
form from the medial palpebral ligament and 
the adjacent part of the frontal bone across 
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Fig. 92. The muscles of the face. 


the forehead, the temple, the cheek and back 
to the medial ligament where it started. Since 
these fibers have no lateral attachments, they 
draw the lids medially. They are responsible 
for the “crow’s feet” usually seen at the lateral 
angles of the eye. 

The palpebral portion, arising from the me- 
dial palpebral ligament, which is a short fi- 
brous cord stretched horizontally from the 
medial commissure of the eyelids to the ad- 
joining part of the maxilla, curves laterally in 
both eyelids. The fibers of this part are in- 
serted into the lateral palpebral raphe and are 
located within the lid proper and in front of 
the palpebral fascia. They usually act involun- 
tarily and close the lids in sleeping and in 
blinking. 

The lacrimal part (Horner’s muscle, tensor 
tarsi) is made up of fibers which pass medially 
behind the tear sac and attach to the posterior 
lacrimal crest, keeping the lids closely applied 


to the eyeballs. This part of the orbicularis 
oculi can also contract independently of the 
other 2 portions, and by this independent ac- 
tion wrinkles the skin around the eye, giving 
partial protection from light or wind. Those 
fibers which insert into the skin of the eye- 
brow draw it down as in frowning and also 
draw the eyebrows closer together, producing 


one or more vertical furrows in the middle 
of the forehead. 


Orbicularis Oris. This sphincter muscle of 
the mouth forms the greater part of the sub- 
stance of the lips. Its fibers encircle the oral 
aperture and extend upward to the nose and 
downward to the groove which is situated be- 
tween the lower lip and the chin. Many of 
its fibers are derived directly from the bucci- 
nator; others from the depressors and the ele- 
vators of the angles of the mouth. This com- 
plex arrangement makes possible the varied 
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movements of the lips, such as, pressing, clos- 
ing, pursing, protruding, inverting and twist- 
ing. 

Muscles Associated with the Nose. These 2 
muscles are the procerus and the compressor 
nares. 

The procerus muscles unite. They arise 
from the fascia covering the lower parts of 
the nasal bones, broaden and insert into the 
skin between and above the eyebrow. Their 
fibers interlace with the frontal bellies of the 
occipitofrontalis. By their contraction they 
draw down on the skin of the root of the nose 
and produce transverse wrinkling. 

The nasalis, transversal part (compressor 
nares) muscle originates from the side of the 
bony aperture of the nose and spreads out 
as a fan-shaped muscle just above it. It joins 
its fellow of the other side, thus forming a 
sling across the bridge of the nose. It com- 
presses the nostril, and its action is especially 
well demonstrated in the crying of infants. 
(Two other muscles, the the nasalis, alar part 
[dilator naris] and the depressor septi nasi, are 
also found in this area but are small and clini- 
cally unimportant.) 


Muscles Associated with the Zygomatic Area. 
These 2 muscles are the zygomaticus minor 
and the zygomaticus major. 

The zygomaticus minor arises from the zy- 
gomatic bone and is closely related to the lat- 
eral margin of the levator labii superioris. This 
is a mere muscular slip and is often absent. 

The zygomaticus major is both longer and 
thicker than the minor and runs obliquely 
from the zygomatic bone to the angle of the 
mouth. The major has been referred to as the 
“smiling muscle.” 


Lip Elevators. These 2 muscles are the leva- 
tor labii superioris alaeque nasi and the levator 
labii superioris. 

The levator labii superioris alaeque nasi is 
a small muscle lying along the attachment of 
the nose; it divides and inserts into the ala 
and the upper lip. It aids in dilation of the 
nostril and elevates the upper lip. 

The levator labii superioris muscle is thin, 
fairly wide and descends from the infraorbital 
margin into the upper lip. It is overlapped 
by the orbicularis oculi. 
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Muscles Associated with the Angle of the 
Mouth. These 2 muscles are the levator an- 
guli oris (caninus) and the depressor anguli 
oris (triangularis). 

The levator anguli oris lies deep to the leva- 
tor superioris; it arises from the upper jaw 
below the infraorbital foramen, inserts partly 
into the skin of the angle of the mouth and 
blends with the orbicularis oris. It also lies 
deep to the zygomatic major. 

The depressor anguli oris muscle is placed 
superficially. It is triangular in shape, its base 
corresponding to its insertion in the neighbor- 
hood of the angle of the mouth. 


Muscles Associated with the Lower Lip. 
These 2 muscles are the risorius and the de- 
pressor labii inferioris. 

The risorius lies horizontally opposite the 
angle of the mouth but may be continuous 
with the posterior fibers of the platysma or 
may arise independently from the fascia cov- 
ering the masseter muscle. Its fibers converge 
at the angle of the mouth, where they are 
inserted into the skin. By drawing the angle 
of the mouth in a lateral direction, the muscle 
plays a large part in the production of a smile 
and has been referred to as the “grinning mus- 
cle.” 

The depressor labii inferioris muscle is 
short and wide, lies in front of the depressor 
anguli and is overlapped by it. Its medial 
groove meets and decussates with that of its 
fellow above the transverse groove on the lip, 
leaving a triangular space which is filled by 
the mentalis. 


Muscles Associated with the Chin and the 
Cheek. The mentalis muscle passes from the 
lower incisor downward to the skin over the 
chin. When it contracts, it raises the skin over 
this area, thereby accentuating the transverse 
fold. 

The buccinator muscle is situated more 
deeply and forms the fleshy stratum of the 
cheek. Its fibers pass horizontally forward to 
the angle of the mouth. The mucous mem- 
brane of the cheek and the lips lines its inner 
surface. The muscle arises from the alveolar 
margins of both upper and lower jaws external 
to the molar teeth and more posteriorly from 
the pterygomandibular raphe. The uppermost 
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and lowermost fibers pass directly into the up- 
per and the lower lips, respectively; but the 
middle fibers decussate, the upper half run- 
ning into the lower lip and the lower half into 
the upper lip. At the angle of the mouth the 
muscle blends with th orbicularis oris. It re- 
tracts the mouth angle and therefore is consid- 
ered as the antagonist of the orbicularis oris. 
Since the buccinator is supplied by the facial 
nerve, it is not classified as a muscle of mastica- 
tion; however, it is used during mastication 
to press the cheek against the teeth and to 
prevent the food from escaping into the vesti- 
bule of the mouth. It also aids in the action 
of blowing and sucking. The buccopharyngeal 
fascia is a thin sheet that clothes the surface 
of the buccinator muscle and extends back- 
ward to cover the constrictor muscles of the 
pharynx. The parotid duct on its way to the 
vestibule of the mouth pierces this fascia, the 
buccinator and the mucous membrane of the 
mouth. 

The buccal fat pad, also referred to as the 
suctorial pad, is situated on the buccinator 
muscle. It is a mass of fat, encapsulated in 
fascia, which lies on the muscle partly tucked 
in between the buccinator and the masseter. 
The buccal nerves, small vessels and the 
parotid duct pierce it. It thickens the cheek 
and helps to reduce atmospheric pressure dur- 
ing sucking. It is much larger in infants than 
in adults, and the rounded fullness of a baby’s 
cheek is largely due to it. 


Parotid Region 


Although the parotid gland may be consid- 
ered as a constituent of the neck, its relations 
to the face are more numerous and of greater 
practical importance. 


Parotid Gland 


The parotid gland (Figs. 93 and 94) is the larg- 
est of the salivary glands; it fills the parotid 
space and sends a process forward over the 
masseter muscle. Its fibrous capsule sends 
septa into the interior of the gland, dividing 
it into lobules and making removal difficult 
at times. In this respect it differs from the 
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submaxillary gland, which is loosely enve- 
loped and easily shelled out. In front of the 
styloid process and from the medial surface 
of the gland is a pharyngeal prolongation 
which is closely related to the wall of the phar- 
ynx and to the great vessels in the parapharyn- 
geal space. The fascial septum separating this 
aspect of the gland from the carotid sheath 
may be broken through by pathologic erosions 
or malignant tumors as well as sharp instru- 
ments. 

The parotid gland has the following rela- 
tionships: superficially, it is covered by skin, 
superficial fascia lymph nodes, fibrous capsule 
and branches of the great auricular nerve. The 
upper border is in contact with the external 
auditory meatus and the temporomandibular 
joint; abscesses of the gland may perforate into 
either of these structures. The anterior border 
is grooved by the masseter, the ramus of the 
mandible and the internal pterygoid muscle. 
The posterior border is in contact with the 
mastoid process and the sternocleidomastoid 
muscle. The lower border overlaps the inter- 
nal and the external carotid arteries and the 
internal jugular vein. The deep surface is in 
contact with the digastric and the styloid mus- 
cles, the internal and the external carotid ar- 
teries, and the 9th, the 10th, the 11th and the 
12th cranial nerves. Confusion still exists con- 
cerning the relationship between the facial 
nerve and the parotid gland (Fig. 95). In 1912 
Gregoire described a superficial and a deep 
lobe of the parotid gland joined by an isthmus 
that was situated above the facial nerve. In 
1917 McWhorter also described 2 lobes, but, 
in his opinion, the isthmus lay between the 
main divisions of the nerve. In 1945 McCor- 
mack, Cauldwell and Anson confirmed this 
work. In 1948 McKenzie stated that there 
were several isthmuses connecting the super- 
ficial and the deep lobes of the parotid gland. 
The branches of the facial nerve passed be- 
tween these isthmuses so that the superficial 
and the deep lobes of the gland could be 
joined at various locations. Coleman believed 
that there was a very complicated intermin- 
gling of the branches of the facial nerve so 
that fibers which were meant for one group 
found their way to another. It is difficult to 
determine which of these views is correct, and 
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Fig. 93. The parotid gland: (A) superficial relations, (B) the most common pattern formed by the fine 


branches of the facial nerve. 


the surgeon working in this area will have to 
keep the various patterns in mind as he per- 
forms surgery on the parotid gland. The socia 
parotidis is an accessory part of the parotid 
gland which lies immediately above its duct 
and on the masseter muscle. 

The fibrous capsule of the parotid is derived 
from the investing layer of deep cervical fascia 
which splits at the lower pole of the gland 
to ensheath it. The deeper of these two layers 
passes under the gland and attaches to the 
base of the skull; the superficial layer passes 
anterior to the masseter muscle and attaches 
to the lower border of the zygomatic arch. 
This layer has been referred to as the parot- 


ideomasseteric fascia and accounts for the in- 
tense pain caused by inflammatory swellings 
of the gland. That part of the fascia which 
connects the styloid process to the angle of 
the mandible has been called the stylomandi- 
bular ligament and separates the parotid and 
the submaxillary glands. 


Nerve and Blood Supply. The auriculotem- 
poral nerve is a sensory branch of the man- 
dibular division of the 5th, which supplies the 
skin in front of the ear. Its course is as follows: 
ascending upward through the temporal re- 
gion to the vertex of the skull, the nerve 
emerges from the upper border of the parotid, 
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Fig. 94. Deep relations of the parotid gland: (A) 


the ramus of the mandible has been cut across trans- 
versely, showing the superficial and deep lobes 


crosses the root of the zygoma between the 
external ear and the condyle of the jaw and 
divides into its temporal branches. It may be 
compressed by tumors or swellings in the 
parotid gland and produce exquisite pain radi- 
ating over the temple as high as the vertex. 

The 7th or facial nerve, emerging from the 
stylomastoid foramen, divides into its 2 main 
branches, which embrace the isthmus of the 
parotid gland. From here these branches redi- 
vide and radiate from the border of the gland 
in the form of a goose’s foot (pes anserinus) 
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of the gland connected by the isthmus; (B) venous 
pattern commonly found in the gland substance. 


(Fig. 93 B). This has been discussed elsewhere 
(p. 65). 

Although veins are variable (Fig. 94 B), they 
follow a fairly constant course in the substance 
of the parotid gland. The posterior facial 
(retromandibular) vein aids in the formation 
of two other veins—the external jugular and 
the common facial. At its lower end and while 
in the parotid, the posterior facial divides into 
an anterior and a posterior branch. The ante- 
rior branch joins the anterior facial vein to 
form the common facial, and the posterior 
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Fig. 95. Some of the variations between the 
parotid gland and the facial nerve. (A) The two 
parotid lobes are united by an isthmus. (B) The 
lobes are united above. (C) A combination of a and 


joins the posterior auricular to form the exter- 
nal jugular vein. 

The external carotid artery ascends from 
under cover of the digastric and the stylohyoid 
muscles and comes into relationship with the 
posteromedial surface of the parotid. Here it 
gives rise to a posterior auricular artery and 
then enters the gland, passing from the pos- 
teromedial to its anteromedial surface. At the 
back of the neck of the mandible it divides 
into internal maxillary and superficial tempo- 
ral branches. The superficial temporal artery 
arises under cover of the parotid gland, 
emerges at its upper border, accompanied by 
a corresponding vein and the auriculotempo- 
ral nerve (Fig. 2). It ascends across the root 


b (D) No division into superficial and deep lobes. 
The nerve courses through the “one-lobed”’ parotid 
gland. 


of the zygoma, where its pulsations may be 
felt readily; it continues upward on the tempo- 
ral fascia and divides into anterior and poste- 
rior branches, which supply the scalp. In addi- 
tion to many small branches which supply the 
parotid gland, the auricle and the facial mus- 
cles, the superficial temporal supplies a trans- 
verse facial artery which runs forward on the 
masseter muscle, emerges at the anterior bor- 
der of the gland and continues parallel with 
and above the parotid duct. 

The lymph nodes of the parotid region may 
be divided into two groups: a superficial, 
which is superficial to the parotid sheath and 
constitutes the preauricular group draining 
the temporal and the frontal regions of the 


Surgical Considerations 


scalp, the outer portion of the eyelid and the 
outer aspect of the ear. A deeper group makes 
up the parotid group, which is scattered 
through the gland substance and drains the 
upper and posterior parts of the nasopharynx, 
the soft palate and the middle ear. These rela- 
tionships are important because swellings of 
the parotid gland may be confused with en- 
larged and infected lymph nodes in this re- 
gion. 


Parotid (Stensen’s) Duct (Fig. 93). The duct 
of the parotid gland begins at the anterior 
part, passes forward on the masseter muscle 
about one fingerbreadth below the zygoma 
and is accompanied by the transverse facial 
artery above and the buccal branch of the fa- 
cial nerve below. It bends abruptly around 
the anterior border of the masseter, pierces 
the substance of the buccinator muscle, runs 
obliquely forward between the buccinator 
and the mucous membrane of the mouth and 
opens on a papilla opposite the upper 2nd 
molar tooth. It may be felt best when the jaws 
are clenched, because it then can be rolled 
against the tense masseter muscle. The duct 
is about 2 inches long and % inch in diame- 
ter, its orifice being its narrowest part. The 
bend the duct makes around the anterior bor- 
der of the masseter may be so sharp that the 
buccal segment remains at right angles to the 
masseteric part. This should be kept in mind 
if a probe is passed along the duct from the 
mouth. Its course can be marked by the mid- 
dle third of a line which joins the lobule of 
the ear to the midpoint between the red mar- 
gin of the upper lip and the ala of the nose. 


Surgical Considerations 


Salivary calculi may be found in the parotid 
gland or obstructing its ducts. These sialoliths 
can frequently be demonstrated by flat roent- 
genogram or a sialogram. This is a visualiza- 
tion of the gland and ducts after the introduc- 
tion of a radiopaque material. External fistulas 
of the parotid may be troublesome since they 
heal with difficulty and continually pour se- 
cretions of saliva. Surgical repair of an injured 
duct may be necessary; several ingenious 
methods have been described. 
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Parotidectomy 


Most authorities believe that mixed tumors 
of the parotid gland are potentially malignant 
and, therefore, should be subjected to com- 
plete extirpation. 

In total parotidectomy, a long incision is 
made in front of the ear and as close as possible 
to the cartilage (Fig. 96). The inferior end of 
this incision turns around the lobule, extends 
to the mastoid process and then downward 
along the anterior border of the sternocleido- 
mastoid muscle. Bailey is of the opinion that 
one of the first steps should be the ligation 
of the external carotid artery, which makes 
the operation easier and safer. 

The anterior skin flap is reflected forward 
to the mandible. The submaxillary salivary 
gland within its capsule is utilized as a land- 
mark, and the posterior belly of the digastric 
is identified. 

Mobilization of the superficial parotid lobe 
is the next step and is accomplished best by 
commencing at the anterior extremity of its 
lower border. Sistrunk has advised isolating 
the inframandibular branch of the facial nerve 
first as it passes along the angle of the jaw, 
but many surgeons have found difficulty in 
locating the nerve before the gland has been 
properly freed. 

The anterior extremity of the lower border 
is considered a safe area and is an excellent 
place to commence dissection (Fig. 96 B). Af- 
ter freeing this corner, a new dissection is 
started at the extreme posterior end of the 
upper border of the gland. The ear is retracted 
backward, and a cleavage plane is found 
which allows the gland to be dissected upward 
and forward. In this location the temporal ar- 
tery is found, but if the external carotid has 
been ligated, the temporal can be dissected 
up with the parotid gland or left in situ, 
whichever is easier. 

The dissection continues along the upper 
border, and the gland is lifted from the zygo- 
matic arch. At this stage a sharp lookout is 
kept for the uppermost part of the pes an- 
serinus. It is important to preserve the upper 
branches that go to the orbital region. These 
lie on the masseter muscle, and once the cor- 
rect cleavage plane is found, there is no great 
difficulty, since the nerves have a tendency 
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Fig. 96. Parotidectomy: (A) Incision which also 
may be utilized for preliminary ligation of the ex- 
ternal carotid artery. (B) Mobilization of the super- 
ficial lobe. The numbers indicate the order in which 
this dissection takes place. (C) Division of the isth- 


to adhere to the muscle rather than the gland. 
As the dissection continues along the anterior 
border, Stensen’s duct and at times the socia 
parotidis are freed from the masseter. In the 
middle region the midportions of the pes are 
seen and freed as far as possible. The anteroin- 
ferior border of the gland which was mobi- 
lized as the first step is now grasped and re- 


mus. The operation may end at this stage if only 
the superficial lobe is involved, or it may be contin- 
ued by putting traction on the isthmus and remov- 
ing the deep lobe. The branches of the facial nerve 
are visualized and protected. 


tracted upward. Dissection then proceeds 
toward the mastoid process, using the digas- 
tric muscle as a guide. At this step the main 
trunk of the facial nerve usually can be identi- 
fied. With this under vision and the gland mo- 
bilized on all sides, the isthmus and its limita- 
tions can be made out by vision or palpation. 
Then the free superficial lobe is retracted for- 


Temporal and Infratemporal Regions 


ward, and the isthmus is divided from behind 
forward. This having been done, the facial 
nerve and its divisions will usually become 
apparent. Stensen’s duct is divided, if this has 
not been done already. The facial nerve can 
be held aside by fine retractors or ligatures 
passed beneath it, and the deep lobe is re- 
moved by separating it from the great vessels 
of the neck and the pharyngeal wall. Some- 
times bleeding occurs from the large tributar- 
ies of the jugular vein during this stage and 
it may become necessary to ligate the jugular. 
The surgeon must remember that this is only 
one of many technics described. The various 
anatomic descriptions of this region (p. 
131) resulted in different surgical approaches. 
Eddey has presented an operation in which 
he described 3 isthmuses of the parotid gland, 
stating that the facial nerve is completely sur- 
rounded by glandular tissue. Riessner uses the 
so-called “upper branch” of the facial nerve 
as a safe guide for parotid gland removal. 
Many other technics can be studied by anyone 
interested in the surgery of this area. 


Parotid Abscess 


A parotid abscess may be drained through an 
incision (Blair) which commences about 1 inch 
anterior to the ear and is carried downward 
behind and below the angle of the jaw. This 
is deepened through the capsule of the gland, 
and then the parenchyma can be opened by 
blunt dissection. The deep part of the gland 
may be drained by lifting the lower pole for- 
ward. It may become necessary to drain the 
space between the masseter and the superfi- 
cial lobe of the gland, and this too can be ac- 
complished through the same incision. Some 
surgeons have advised the use of a horizontal 
incision for the drainage of such an abscess. 


Temporal and Infratemporal 
Regions 


Muscles of Mastication 


The muscles of mastication (Fig. 97) include 
the temporal, the masseter, the external and 
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the internal pterygoids, the mylohyoid and 
the anterior belly of the digastric. All of these 
are supplied by the trigeminal nerve (man- 
dibular branch). Since they do not appear over 
the same region of the face, only those con- 
cerned with the temporal and the infratempo- 
ral regions will be discussed here. 


Temporalis Fascia. This strong aponeurotic 
layer covers the upper aspect of the temporal 
muscle, attaches above to the superior tempo- 
ral line and splits below into 2 layers attached 
to the lateral and the medial margins of the 
upper border of the zygoma. The space thus 
formed is occupied by fatty tissue and some 
small blood vessels. 


Temporalis Muscle. This muscle arises from 
the whole of the temporal fossa (frontal, pari- 
etal, squamous portion of the temporal and 
greater wing of the sphenoid bones), and its 
fibers converge on a gap that exists between 
the zygoma and the side of the skull. The f- 
bers pass downward deep to the zygomatic 
arch, then beneath the masseter, and become 
inserted into the margins of the deep surface 
of the coronoid process. Some anterior fibers 
descend beyond the coronoid to reach the an- 
terior border of the ramus of the mandible. 
A true view of the muscle can be obtained 
only if the temporal fascia is removed and if 
the zygoma is divided and turned downward 
together with the masseter muscle. The mus- 
cle is a powerful elevator of the mandible, 
and its posterior fibers act as a retractor of 
the same bone. Nowhere else in the body is 
a group of muscles opposed by so weak a 
group of opponents as in this region. The tem- 
poral, the masseter and the internal pterygoid 
muscles produce the great biting and grinding 
power, but their opponents which depress the 
mandible (external pterygoid, digastric, my- 
lohyoid and geniohyoid) are able to afford only 
weak resistance. Therefore, when a state of 
spasm is produced, the stronger group pre- 
vails. Should this spasm be clonic, a chattering 
of the teeth occurs, but if the spasm is tonic, 
the mouth is rigidly closed, and the condition 
known as trismus or lockjaw results. This lock- 
ing of the jaw is a frequent symptom of tetanus 
but is also found in any condition that might 
produce an irritation of the mandibular 
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Fig. 97. The 6 muscles of mastication. (A) Viewed 
from left side; the zygomatic arch and part of the 
mandible have been removed. The temporal mus- 
cle has been cut for the purpose of exposing the 


branch of the trigeminal nerve, as is some- 
times seen in caries of the lower teeth or dur- 
ing the cutting of a lower wisdom tooth. 


Masseter Muscle. This muscle is held firmly 
by the masseter fascia, which binds it to the 
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pterygoid muscles. (B) Viewed from below to show 
the course and the attachments of the external and 
internal pterygoid muscles. 


margins of the ramus and the body of the man- 
dible; the muscle covers nearly the entire lat- 
eral surface of the ramus of the mandible. An 
expansion of the fascia overlies the fat pad 
of the cheek and holds it against the buccina- 
tor muscle. The parotid duct lies within the 
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fascia and is protected by it. The muscle arises 
by 2 closely associated heads: a superficial and 
a deep, which arise from the surface of the 
zygomatic arch. It is inserted into the lateral 
surface of the ramus and the coronoid process 
of the mandible. The muscle raises and pro- 
trudes the mandible, and its fibers may be 
felt well if the jaws are clenched firmly. The 
transverse facial vessels, the parotid duct and 
branches of the facial nerve all lie on its lateral 
surface, and the parotid gland overlaps it pos- 
teriorly. The muscle does not cover the head 
and the neck of the mandible (Fig. 2). 


Pterygoid Muscles. These muscles (Fig. 97 B) 
lie on a deeper plane and are almost com- 
pletely hidden by the ramus of the mandible. 
Only a small part of the external pterygoid 
can be seen through the mandibular notch. 

Many authors prefer to consider the inter- 
nal (medial) pterygoid muscle as being associ- 
ated with the masseter, and these 2 muscles 
have been likened to the 2 bellies of the digas- 
tric. The fibers of the internal pterygoid origi- 
nate from the medial surface of the lateral 
pterygoid lamina and by a small slip from the 
tuberosity of the maxilla. They pass downward 
and backward and insert into the medial sur- 
face of the ramus of the mandible from the 
mandibular foramen to the angle. The muscle 
elevates the mandible, protrudes it and pulls 
it to the opposite side. Superficial to this mus- 
cle is the ramus of the mandible, the external 
pterygoid, the lingual and the inferior dental 
nerves, the maxillary and the inferior dental 
vessels and the sphenomandibular ligament. 
Deep to it are the tensor palati and the levator 
palati, the superior constrictor of the pharynx 
and the Eustachian (auditory) tube. 

The external (lateral) pterygoid muscle 
originates by two heads: the lower from the 
lateral surface of the lateral pterygoid lamina, 
and the upper from the undersurface of the 
great wing of the sphenoid. The fibers are di- 
rected backward and become inserted in the 
digital fossa on the front of the neck of the 
mandible and to the capsule and the disk of 
the mandibular joint. In this way its contrac- 
tion opens the mouth by sliding the condyle 
forward and protruding the jaw. One muscle 
acting alone pulls the chin over the opposite 
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side. The internal maxillary artery crosses the 
lower head of the muscle obliquely and, as a 
rule, runs superficial to it. 


Buccinator. This forms the muscle layer of 
the cheek and is discussed here for the sake 
of completion. It arises from the outer alveolar 
margins of both the upper and the lower jaws 
in the region of the molar teeth and passes 
to the angle of the mouth, where it blends 
with the orbicularis oris. The middle fibers 
decussate at the angle of the mouth, so that 
the uppermost fibers pass to the lower lip and 
vice versa. It is supplied by the buccal 
branches of the facial nerve. By its action of 
retracting the angle of the mouth and flatten- 
ing the cheek, it compresses the cheek so that 
during mastication food is pushed beneath the 
molar teeth. Compression of the cheek against 
the gums prevents masticated food from be- 
coming lodged there. In paralysis of the facial 
nerve it becomes necessary for the patient 
constantly to dislodge the food with his finger. 
This muscle also aids in the act of blowing 
and whistling. Its superficial surface is covered 
with buccal pharyngeal fascia, and its deep 
surface is lined with the mucous membrane 
of the cheek. Posteriorly, it is covered by the 
buccal fat pad, which separates it from the 
masseter and the temporal muscles, anteri- 
orly, by the superficial fascia, which contains 
the facial artery, the anterior facial vein, the 
buccal nerve and artery and the buccal 
branches of the facial nerve. The muscle is 
pierced by the parotid duct and twigs from 
the buccal nerve. 


Vessels and Nerves 


The Maxillary (Internal Maxillary) Artery. 
This artery (Fig. 98) arises from the exter- 
nal carotid opposite the neck of the mandible 
and under cover of the parotid gland. It passes 
forward deep to the neck of the bone and 
superficial to the sphenomandibular ligament. 
Between the mandible and the sphenoman- 
dibular ligament it is accompanied by its vein 
and lies superficial to the inferior alveolar 
(dental) nerve. It goes upward and forward 
superficial to the external pterygoid between 
it and the temporal muscle, or deep to the 
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Fig. 98. The internal maxillary artery. The vessel 
is divided into 3 parts by the external pterygoid 
muscle. Part I is known as the mandibular portion; 


external pterygoid, between it and branches 
of the mandibular division of the 5th nerve. 
It then passes medially between the two heads 
of the pterygoid and through the pterygomax- 
illary fissure into the pterygopalatine fossa, to 
end in its numerous terminal branches. 

The external pterygoid muscle divides the 
maxillary artery into 3 parts. The first is known 
as the mandibular portion; it lies between the 
neck of the mandible and the sphenoman- 
dibular ligament, taking a horizontal course 
forward nearly parallel with and a little below 
the auriculotemporal nerve. In this location 
it is imbedded in the parotid gland and usually 
crosses in front of the inferior alveolar nerve. 
The second part is called the pterygoid por- 
tion, and here the artery may lie lateral or 
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Part II, the pterygoid; and Part III, the pterygopala- 
tine portion. The branches of each part are num- 
bered and represented. 


medial to the external pterygoid muscle. This 
part of the artery usually runs obliquely for- 
ward and upward under cover of the ramus 
of the mandible and passes on the superficial 
surface of the muscle. The vessel then passes 
between the two heads of origin of this muscle 
and enters the pterygopalatine fossa. Part 
three of the vessel, the pterygopalatine por- 
tion, lies in the pterygopalatine fossa in rela- 
tion to the sphenopalatine ganglion. The 
branches which arise from the first part of 
the artery are associated with foramina; those 
which come from the second part are associ- 
ated with muscles, and the branches of the 
third part are again associated with foramina. 

The branches of the first part of the maxil- 
lary artery are: 
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1. The deep auricular artery, which passes to 
the external auditory meatus. 
2. The anterior tympanic, which enters the 
pterotympanic fissure to the middle ear. 
3. The middle meningeal, which arises from 
the upper border of the maxillary bone and 
runs upward and deep to the external ptery- 
goid muscle. As it ascends it is embraced by 
the two heads of the auriculotemporal nerve; 
it enters the middle cranial fossa through the 
foramen spinosum and upward and forward 
on the squamous temporal and great wing of 
the sphenoid bone toward the anteroinferior 
angle of the parietal bone, where it divides 
into anterior and posterior branches. The an- 
terior branch travels upward across the great 
wing of the sphenoid toward the pterion and 
then on the parietal bone behind the coronal 
suture near the motor cortex. The posterior 
branch passes upward and backward on the 
squamous temporal to the middle of the lower 
border of the parietal bone and then breaks 
up into its terminal branches. 
4. The accessory meningeal, also referred to 
as the small meningeal artery, has a similar 
course and may be a branch of the above men- 
tioned vessel; it enters the middle cranial fossa 
through the foramen ovale and supplies the 
dura mater and the trigeminal ganglion. 
5. The inferior alveolar (dental) artery passes 
downward behind the inferior alveolar nerve 
and between the sphenomandibular ligament 
and the mandible. It supplies a mylohyoid 
branch and then enters the mandibular fora- 
men to supply the teeth and the lower jaw. 
Its terminal branch appears on the face ac- 
companied by the mental nerve. 

There are 4 branches of the second portion 
of the maxillary artery: 
l. The masseteric artery passes laterally 
through the mandibular notch to the masseter 
muscle and also supplies the mandibular joint. 
2. The deep temporal has 2 branches, anterior 
and posterior, which ascend between the tem- 
poralis muscle and the pericranium; they sup- 
ply the muscle and anastomose with the mid- 
dle temporal artery. 
3. The pterygoid arteries are irregular in 
number and origin and supply the pterygoid 
muscles. 
4. The buccinator (buccal) artery travels for- 
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ward with the buccal nerve between the in- 
ternal pterygoid and the jaw to supply the 
buccinator muscle, the skin and the mucous 
membrane of the cheek. 

The 6 branches of the third portion of the 
maxillary artery are: 
l. The posterosuperior alveolar, which de- 
scends over the posterior surface of the max- 
illa, sends branches to the gums, the buccina- 
tor muscle, through the bone to the molars, 
the premolars and the maxillary sinus. 
2. The infraorbital artery, really a continua- 
tion of the parent trunk, is accompanied by 
the maxillary nerve through the infraorbital 
canal, appearing on the face beneath the leva- 
tor labii superioris. In the canal it sends 
branches to the orbit and an anterior dental 
branch which accompanies the nerve and sup- 
plies the front teeth. On the face it supplies 
the lacrimal sac and the medial angle of the 
orbit. 
3. The greater palatine artery passes through 
the greater palatine canal with the nerve of 
the same name, then along the hard palate 
in a groove about % inch from the teeth, and 
finally through the lateral incisive foramen to 
the nose. 
4. The pharyngeal artery is very small and 
passes backward through the pharyngeal ca- 
nal accompanied by the pharyngeal nerve. It 
is distributed to the upper part of the pharynx 
and the auditory tube. 
5. The artery of the pterygoid canal (Vidian) 
passes backward along the pterygoid canal 
with its corresponding nerve. It is distributed 
to the upper part of the pharynx and to the 
auditory tube, sending a small branch into the 
tympanic cavity which anastomoses with the 
other tympanic artery. 
6. The sphenopalatine artery enters the nasal 
cavity through the sphenopalatine foramen 
and supplies the mucous membrane of the 
nasal cavity, the adjacent sinuses and the phar- 
ynx. At the back part of the superior meatus 
it supplies posterior lateral nasal branches 
which spread forward over the conchae and 
the meatus, anastomosing with the ethmoidal 
arteries and nasal branches of the descending 
palatine artery. It ends on the nasal septum 
as posterior septal branches which anastomose 
with the ethmoidal arteries and the septal 
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branches of the superior labial. One branch 
descends in a groove on the vomer to the inci- 
sive canal and anastomoses with the descend- 
ing palatine artery. 


Pterygoid Venous Plexus. This rich network 
of veins is located around the lateral pterygoid 
muscle; veins corresponding to the maxillary 
artery empty into it. From its posterior end 
a maxillary vein passes backward to unite with 
the superficial temporal, forming the posterior 
facial vein. The plexus makes the following 
communications: with the cavernous sinus 
through the foramen ovale; with the anterior 
facial through the deep facial vein; with the 
inferior ophthalmic veins through the inferior 
orbital fissure (Fig. 31). 


Mandibular Division of the Trigeminal Nerve. 
In the parotid region this plays an impor- 
tant role. It leaves the skull through the fora- 
men ovale in the greater wing of the sphenoid 
bone and differs from the other two divisions 
in that it isa mixed nerve (Fig. 42).The sensory 
part arises from the gasserian ganglion, and 
the motor part is the motor root of the 5th 
nerve. The 2 roots pass through the foramen 
ovale and almost immediately unite into one 
trunk which is covered by the external ptery- 
goid muscle. It lies on the surface of the tensor 
palati (veli palatini) muscle, which separates 
the nerve from the auditory (Eustachian) tube 
and the nasopharynx. The middle meningeal 
artery lies lateral to and a little behind it. The 
trunk divides into anterior and posterior divi- 
sions. 

The undivided trunk gives off a recurrent 
nerve and the nerve to the internal pterygoid 
muscle. The recurrent nerve (nervus spinosus) 
passes back into the foramen spinosum and 
supplies the dura and the mastoid air cells. 
The nerve to the internal pterygoid muscle 
is self-explanatory. From the anterior division, 
mainly muscular, are derived the deep tempo- 
ral, the masseteric, the external pterygoid and 
the buccal nerve branches. From the posterior 
division, mainly sensory, are derived the au- 
riculotemporal, the inferior dental (alveolar) 
and the lingual nerves. Although the anterior 
division of this nerve gives off muscular 
branches to the temporal, the masseter and 
the external pterygoid muscles, the buccal 


Face 


nerve is essentially sensory; it passes down be- 
tween the 2 heads of the external pterygoid 
muscle, pierces the anterior part of the tempo- 
ral muscle, traverses the suctorial fat pad, and 
then branches outward to the skin of the face 
and inward to the mucous membrane of the 


cheek. 


Auriculotemporal Nerve. This nerve has been 
discussed elsewhere (p. 63). It is a sensory 
branch of the mandibular nerve which forms 
an anastomosis with the facial nerve and otic 
ganglion. It emerges from the upper border 
of the parotid and crosses the root of the zy- 
goma between the external ear and the con- 
dyle of the jaw, where it divides into its tempo- 
ral branches. This nerve is sometimes resected 
in persistent neuralgias and is easily found 
where it crosses the zygoma, lying between 
the ear and the temporal artery. By means 
of its communication with the otic ganglion, 
secretory fibers result; these supply the 
parotid gland; hence, the rationale for division 
of it in an attempt to close a parotid fistula. 
Auricular branches of this nerve pass to the 
upper ear and the external auditory meatus. 
Referred pain from these branches may be 
so severe that the ear drum may be opened 
unnecessarily when one of the molar teeth 
is at fault. 


Lingual Nerve. This nerve (Fig. 99) passes 
downward deep to the external and on the 
surface of the internal pterygoid muscle. In 
this part of its course it is in front of the infe- 
rior alveolar nerve and is joined by the chorda 
tympani (7th nerve), which contains taste fi- 
bers that are carried by the lingual to the ante- 
rior two thirds of the tongue. As the nerve 
continues downward and forward it lies be- 
tween the mandible and the internal ptery- 
goid, and farther forward is under cover of 
the mucous membrane of the mouth on the 
superior constrictor and the stvloglossus mus- 
cles. It passes forward between the mylohyoid 
and the hyoglossus and arrives between the 
sublingual gland and the genioglossus muscle, 
where it crosses the submandibular duct and 
supplies the gums and the anterior two thirds 
of the tongue (Fig. 114 A). One should not 
be confused between taste and sensation if 
one recalls that the lingual nerve supplies the 
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Fig. 99. The lingual and the inferior alveolar (dental) nerves. 


anterior two thirds of the tongue with its sen- 
sory fibers, but this nerve carries fibers from 
the facial nerve by way of the chorda tympani, 
which supply taste fibers to the same region 
of the tongue (Fig. 106). Resection of the lin- 
gual nerve is at times necessary for the relief 
of intense pain which is associated with carci- 
noma of the tongue. 


Inferior Alveolar (Dental) Nerve. This nerve 
passes downward deep to the external ptery- 
goid muscle but superficial to the sphenoman- 
dibular ligament and is accompanied by the 
dental vessels. Immediately before entering 
the mandibular foramen it gives off the nerve 
to the mylohyoid muscle; this descends in a 
groove on the deep surface of the mandible 
in company with the mylohyoid vessels. This 
nerve reaches the posterior edge of the 
mylohyoid, passes superficial to that muscle 
and ends by supplying the mylohyoid and the 
anterior belly of the digastric. In the inferior 
dental canal it sends branches to the roots of 
the lower teeth and gums. The nerve finally 


emerges through the mental foramen as the 
mental nerve (Fig. 99). 


Temporomandibular Joint 


The temporomandibular (temporomaxillary, 
mandibular) is a synovial joint that is formed 
by the condyloid process of the mandible with 
the articular fossa and the eminence of the 
temporal bone. The articulating surfaces are 
completely separated by an articular disk 
which divides the joint cavity into an upper 
and a lower chamber (Fig. 100 B). The joint 
is surrounded by a lax capsule which envelops 
the bony articular surface and furnishes at- 
tachment to the interposed cartilage. The lax- 
ity of this capsule enables free joint move- 
ments. Over its lateral aspect the capsule is 
markedly thickened and strengthened by the 
temporomandibular ligament (external lat- 
eral ligament) (Fig. 100 A), which stretches 
from the zygoma and the tubercle at its root 
to the lateral and the posterior surfaces of the 
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Fig. 100. The temporomandibular joint: (A) lateral 
view, right side; (B) exposure of the joint and the 
articular disk, following removal of the temporo- 


neck of the mandible. The ligament is covered 
by the upper part of the parotid gland and 
is in relation to the superficial temporal ves- 
sels. The articular disk is attached around its 
circumference to the capsular ligament. How- 
ever, there is an exception to this attachment, 
since the disk receives part of the insertion 
of the external pterygoid muscle in front. The 
lower disk surface is concave to fit into the 
head of the mandible, but its upper surface 
undulates to fit the fossa and the eminence. 
The disk can become loose or detached and, 
as it slips back and forth, may produce an audi- 
ble click (clicking jaw). At times it may be- 
come detached at one end and is then apt 
to double on itself, in which event it becomes 
impacted between the joint surfaces and 
causes locking; the symptoms may become so 
discomforting and embarrassing that removal 
of the disk is necessary. 

Two accessory ligaments described as bands 
and giving additional ligamentous support to 
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mandibular ligament and part of the condyle of 
the mandible; (C) medial view, showing the stylo- 
mandibular and the sphenomandibular ligaments. 


the joint are the sphenomandibular and the 
stylomandibular. 

The sphenomandibular ligament (internal 
lateral ligament) lies on a deeper plane than 
the joint, distinct from the medial part of the 
articulation, and is a thin and fairly long band 
stretching from the spine of the sphenoid 
bone to the edge and the margins of the man- 
dibular foramen (Fig. 100 C). Medially, its up- 
per part is separated by fat from the wall of 
the nasopharynx, and its lower part lies on 
the internal pterygoid muscle. Laterally, it is 
related to the mandibular joint, and the man- 
dible is separated from the ligaments, from 
above downward, by the auriculotemporal 
nerve, the external pterygoid muscle, the 
maxillary vessels and the inferior dental ves- 
sels and nerves. Although these structures sep- 
arate the ligament from the joint, the chorda 
tympani nerve lies deep to the ligament. 

The stylomandibular ligament is a thick- 
ened part of the cervical fascia that covers 
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the deep surface of the parotid gland. It ex- 
tends from the styloid process to the posterior 
border and angle of the mandible and sepa- 
rates the parotid from the submandibular 
gland. 

The synovial membrane is in two separate 
parts, since it has 2 separate cavities to line. 
The upper synovial cavity is the more exten- 
sive because of the greater size of the articular 
fossa of the temporal bone. The membrane, 
although reflected onto the articular disk, dis- 
appears from this part in the adult. 

The construction of the temporomandibu- 
lar joint permits a wide range of movements. 
Elevation is produced by the masseter, the 
internal pterygoid and the temporalis mus- 
cles; depression by the digastric, the mylo- 
hyoid, the geniohyoid and the platysma, pro- 
trusion by the pterygoids, the anterior part of 
the temporalis and fibers of the masseter; re- 
traction by the posterior fibers of the tempo- 
ralis and the deeper fibers of the masseter. 
Grinding movements are produced by the 
pterygoids of opposite sides acting alternately. 
The construction of the joint permits a for- 
ward dislocation, either unilateral or bilateral, 
which can occur when the mouth is widely 
opened. Such dislocations have occurred dur- 
ing a blow struck on the lower front teeth, 


Fig. 101. Anterior dislocation of the mandible. The 
condyle has been drawn over the articular emi- 
nence into the zygomatic fossa by the contraction 
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or during laughing, yawning, vomiting and 
also in the dentist’s chair. When the mouth 
is opened widely, the condyles and the inter- 
articular fibrocartilage glide forward. Nor- 
mally, the condyles should not reach as far 
as the summit of the articular eminence, but 
when the mouth is opened widely all parts 
of the capsule except the anterior are made 
tense, and if at this time the external ptery- 
goid muscle contracts vigorously, the condyle 
is drawn over the articular eminence onto the 
zygomatic fossa and the interarticular carti- 
lage remains behind. As soon as it reaches its 
new position, it is drawn up immediately by 
the internal pterygoid, the temporal and the 
masseter muscles and is thereby spastically 
fixed in place (Fig. 101). 


Mouth and Regions that 
Surround It 


Lip Region 


The lips are 2 fleshy folds that circumscribe 
the mouth and close the buccal cavity in front. 
At the sides they unite to form the commis- 
sures. The lips consist of 5 layers (Fig. 102). 


of the external pterygoid. Then the mandible is 
drawn upward and fixed in place by masseter, me- 
dial pterygoid and temporalis muscles. 
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Fig. 102. Sagittal section through the upper lip. The 5 layers which constitute each lip are shown. 


Skin. The layer of skin is fairly thick and ad- 
herent to the subjacent connective tissue and 
muscular layers. It contains hair follicles and 
sebaceous glands and is frequently the site of 
furuncles. The lower lip is a favorite site for 
epitheliomas. 


Superficial Fascia. This fascia is a connective 
tissue layer which contains some fat. Since it 
is arranged loosely, considerable edema may 
take place when the lips are bruised or in- 
flamed. 


Orbicularis Oris Muscle. This essential mus- 
cle of the lips (Fig. 92) is arranged in an ellipti- 
cal manner around the buccal orifice, the ex- 
tremities of the upper and the lower portions 
meeting at the lip commissures. It acts as a 
“sphincter” of the mouth. Plus the sphincteric 
or pseudosphincteric fibers of this muscle that 
encircles the mouth, the orbicularis oris con- 
tains the insertion of many of the muscles al- 
ready described (Fig. 92). Because the general 
direction of these muscle fibers is circular, a 
vertical incision in this area causes separation 
of the wound edges. Since it is supplied by 
the facial nerve, paralysis interferes with artic- 
ulation, prevents tight closure of the mouth 
and as a result allows saliva to drip from the 
paralyzed corner. 


Submucous Tissue. The submucosa is the 
layer that contains vessels and mucous labial 
glands. An arterial circle is formed in this tis- 
sue; this arises from the upper and the lower 


labial branches of the facial artery (external 
maxillary). The pulsations of these vessels can 
be felt by grasping the lip between the finger 
and the thumb. This circle provides a rich 
blood supply for the lips and is nearer the 
free than the attached border. Since these ar- 
teries anastomose freely, it is well to tie both 
ends when they are severed. Due to their vas- 
cularity, the lips are often the site of nevi and 
other vascular tumors. 

The mucous glands situated in this layer 
are large, numerous, and can be felt with the 
tip of the tongue and seen when the lip is 
everted. The ducts of the glands open into 
the mucous membrane, and should they be- 
come occluded, an opalescent bluish “mucous 
cyst” develops as a result of distention of the 
gland. 

The veins accompany the arteries and flow 
into the facial vein. By means of this flow a 
communication, the importance of which has 
been stressed before, exists between the lips 
and the intracranial circulation. 

The lymphatics (Fig. 103) of the upper lip 
drain into the submandibular nodes; those of 
the median portion of the lower lip drain into 
the submental nodes; and those of the lateral 
portion pass directly into the submandibular. 
Metastatic involvement of the submental and 
the submandibular nodes continues to the su- 
perior and the inferior chains of deep cervical 
nodes. 

The motor nerves of the lips are derived 
from the facial, and the sensory branches sup- 
ply the skin and the mucous membrane 
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Fig. 103. Lymph drainage of the lips. That portion of the upper lip which is associated with the “danger- 


ous area of the face” is illustrated in Fig. 31. 


through the trigeminal by way of the infraor- 
bital, the buccal and the mental branches. 


Mucous Membrane. This constitutes the in- 
nermost layer of the lip and is covered with 
stratified epithelium. 


Surgical Considerations 


Harelip 


The operation for unilateral harelip (Fig. 104 
A, B) depends upon the size of the defect. If 
small, and if the parts are freely movable, all 
that is necessary is to pare the margins and 
approximate the wound. The incision should 
include skin, mucous membrane and all the 
intervening tissue. If the parts are immobile 
and the defect more nearly complete, then 
more complicated and involved procedures 
must be done. 

The operation for double harelip (Fig. 104 
C,D) is a rather extensive one, and the surgeon 
should be specially trained and ready to meet 
any difficulties that arise. The central defect 
is prepared by incising its edges throughout 


its entire length and thickness; then the lateral 
margins are incised so that their approxima- 
tion with the central part of the defect and 
with each other becomes possible. 

Harelip is frequently associated with clefts 
in the hard and the soft palates. Surgical cor- 
rection for this condition is described else- 
where (p. 153). 


Carcinoma of the Lip 


Carcinoma of the lip is usually of the squa- 
mous-cell type. It arises from the mucocutane- 
ous junction and is almost always found on 
the lower lip. The treatment may be surgical 
or by irradiation. If surgery is chosen, a V- 
shaped excision is employed, extending well 
into healthy tissue. However, this method is 
advisable only for small and early growths. 
For larger lesions, not only must the primary 
growth be removed, but also the associated 
glands: the submaxillary, the submental and, 
at times, the deep cervical chain. Enlarged 
nodes of the neck may involve one or both 
sides and are usually removed at a second 
stage by a radical operation en bloc. This in- 
volves an extensive suprahyoid dissection. 
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Fig. 104. Operations for single and double harelip. 


Mouth Proper 


The mouth cavity is conveniently divided by 
the arch formed by the teeth and the gums 
into the vestibule, which lies between the 
gums and the cheeks, and the mouth proper, 
which lies behind and within the arch of the 
teeth. 

The mouth proper lies within the arch of 
the teeth and communicates with the vesti- 
bule by means of an interval situated behind 
the last molar tooth. It is bounded in front 
and at the sides by the gums and the teeth, 
above by the hard and the soft palates, below 
by the tongue and the sublingual region and 


opens posteriorly into the pharynx via the isth- 
mus. 


Sublingual Region (Fig. 105). The 2 sublin- 
gual regions make up the floor of the mouth. 
Each is represented as a deep groove lying 
between the mandible and the root of the 
tongue and placed on the mylohyoid and the 
hyoglossus muscles. The anterior two thirds 
of the tongue rises from the floor, and the 
frenulum linguae appears as a median fold 
which connects the tongue to the floor. On 
each side of the frenulum the lingual vein ap- 
pears as a prominent blue line. If the frenulum 
is made prominent by pressing the tip of the 
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Fig. 105. The sublingual region. The mucosa has been removed on the right side to expose the deeper 


structures. 


tongue against the hard palate, 2 small papil- 
lae will be noted at either side and at its sum- 
mit, each representing the openings of the 
ducts of the submaxillary glands. The sublin- 
gual fold, a ridge of mucous membrane, passes 
laterally and backward from the papilla and 
overlies the sublingual gland. Each sublingual 
compartment contains the sublingual gland, 
the submaxillary duct, the lingual and the hy- 
poglossal nerves and the sublingual vessels. 

The sublingual gland is indicated by the 
sublingual fold (plica) which is found between 
the alveolus and the anterior part of the 
tongue. It takes an oblique forward and in- 
ward course to the sublingual caruncle near 
the frenulum. It not only indicates the position 
of the sublingual gland but also marks the line 
of the submaxillary (Wharton’s) duct and the 
lingual nerve. The sublingual is the smallest 
of the salivary glands and rests on the mylo- 
hyoid muscle in the sublingual fossa close to 
the symphysis (Fig. 106). Its posterior end is 
in contact with the anterior prolongation of 
the submaxillary gland. The submaxillary 
duct, the lingual and the hypoglossal nerves 


and the sublingual vessels are situated be- 
tween the sublingual gland and the root of 
the tongue. When the submaxillary gland is 
pressed on from the outside, its anterior pro- 
longation can be felt through the mucous 
membrane slightly in front of the angle of the 
jaw. This prolongation forms a continuous 
glandular mass with the sublingual gland. 

The many sublingual ducts open separately 
into the floor of the mouth. One of the larger 
ones on the posterior part opens into or by 
the side of the submandibular gland. 

Ranula is a term that has been applied 
loosely to all cysts appearing in the floor of 
the mouth, but many observers believe that 
it should be restricted to cysts that originate 
in connection with the ducts of the salivary 
glands. It is a retention cyst which appears 
as a bluish mass filled with a mucouslike sub- 
stance and is associated with a blockage of 
the submaxillary (Wharton’s) or sublingual 
duct. 

The submaxillary duct arises from the me- 
dial surface of its gland and accompanies it 
under the mylohyoid muscle; it passes diago- 
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Fig. 106. The sublingual and the submaxillary salivary glands: sagittal section, showing the relations 


between glands, ducts, vessels and nerves. 


nally across the medial aspect of the sublingual 
gland and adheres to it. In its course the hyo- 
glossus and the genioglossus muscles lie me- 
dial to it, the hypoglossal nerve below, and 
the lingual nerve at first above, crossing it su- 
perficially at the anterior border of the hyo- 
glossus, and then turning upward and deep. 
The lingual artery is under cover of the mylo- 
hyoid muscle but is crossed superficially by 
branches of the hypoglossal nerve and at its 
termination by the lingual nerve and the sub- 
maxillary duct. 


Vestibule and Buccal Cavity. The vestibule 
lying between the gums and the cheeks, com- 
municates with the mouth behind the last mo- 
lars. 

Stensen’s duct opens into the vestibule op- 
posite the second upper molar on a small pa- 
pilla which can be felt with the tip of the 
tongue. About the circumference of the vesti- 
bule, the superior and the inferior cul-de-sacs 


are formed by the reflection of the mucous 
membrane of the lips and the cheeks on the 
upper and the lower alveolar arches. 

The buccal cavity is an area between the 
inferior margin of the orbit and the lower jaw, 
extending from the masseter muscle to the 
fold of the nose and the commissure of the 
lip. The cheeks (buccae) resemble the lips in 
their structure, having the same 5 layers: (1) 
the skin; (2) superficial fascia containing the 
zygomaticus major, the risorius and the 
platysma muscles; the parotid duct is sur- 
rounded by mucous glands, vessels and 
branches of the facial and the trigeminal 
nerves; (3) the muscular layer (buccinator) is 
covered with the buccopharyngeal fascia and 
is pierced by the parotid duct; (4) the submu- 
cous layer contains the mucous buccal glands; 
and (5) the mucous membrane is made up of 
stratified epithelium. 

In the region of the cheek the subcutaneous 
fat increases to form the so-called suctorial 
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fat pad located on the buccinator muscle and 
partly under and in front of the masseter; it 
is larger in the child, where it gives rotundity 
to the baby’s cheeks and is useful in the act 
of sucking. This fat is continuous with the tem- 
poral and the lateral regions of the face. 

The lymphatics from the anterior part of 
the cheek end in glands below the mandible; 
those from the posterior part end in glands 
on the surface of and inside the parotid gland. 

The nerves of the cheek are branches of 
the facial supplying the muscles; the labial 
branches of the infraorbital, the buccal and 
the mental nerves supply the skin and the 
mucous membrane with sensory fibers. 

The external maxillary (facial) artery is the 
only important vessel to the cheek; it crosses 
forward on the buccinator muscle and be- 
comes the angular artery at the corner of the 
mouth. 


Gums. The gums (gingivae) consist of dense 
vascular fibrous tissue which is covered by mu- 
cous membrane and is attached to the alveolar 
margins of the jaw. They are continuous with 
the mucosa of the oral vestibule externally and 
the palate or floor of the mouth internally. 
The submucous base is continuous with the 
alveolar periosteum which dips into each 
tooth socket, thus forming the root membrane 
(pericementum). Although quite vascular, the 
gums are not very sensitive. A portion of gingi- 
vae projects into each interdental space and 
surrounds the necks of the teeth. When caries 
attacks a tooth, the infection may spread and 
give rise to a subperiosteal abscess known as 
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a gum boil. Because of the dense membrane 
under which the pus forms, intense pain re- 
sults. 

The term epulis is applied to a class of tu- 
mors connected with the gums and the alveo- 
lar processes. This may be a simple hypertro- 
phy of the fibrous tissue of the gums and is 
then known as a fibrous epulis, or may spring 
from the periosteum, then becoming a malig- 
nant tumor. 


Teeth. The teeth begin to appear at the 6th 
month of life, but the rudiments of both tem- 
porary and permanent teeth are present at 
birth. They are developed from the skin, the 
dentine being derived from the dermis and 
the covering enamel from the epidermis. 
There are two periods of dentition. 

The result of the first dentition is 20 tempo- 
rary or so-called deciduous (milk) teeth which 
appear between the 6th and the 24th months, 
the lower ones preceding the uppers. There 
are 4 incisors, 2 canines and 4 molars in each 
jaw but no premolars. The table on page 139 
is a dental formula for the temporary teeth, 
with the dates of eruption expressed in 
months. 

An interval of 4 years follows the first denti- 
tion, and at the age of 6 the permanent teeth 
(second dentition) begin to erupt and con- 
tinue to appear until the 25th year. These 
statements can be simplified by saying that 
the first temporary teeth appear in the 6th 
or 7th months, and the first permanent teeth 
in the 6th or 7th year. In the second dentition, 
the first or 6-year molars erupt first, the 12- 


FIRST DENTITION 


MOLAR MOLAR CANINE INCISOR INCISOR INCISOR INCISOR CANINE MOLAR MOLAR 
Upper: 2nd Ist l 2nd lst lst 2nd l lst 2nd 
Lower: 2nd lst l 2nd lst lst 2nd l lst 2nd 
Month of 
appear- 24 12 18 9 7 7 9 18 12 24 
ance: 
SECOND DENTITION 
MOLARS PREMOLARS CANINE INCISORS INCISORS CANINE PREMOLARS MOLARS 
Upper: 3rd, 2nd, 2nd, lst l 2nd, lst lst, 2nd l lst, 2nd lst, 2nd, 
lst 3rd 
Lower: 3rd, 2nd, 2nd, lst l 2nd, lst lst, 2nd l lst, 2nd lst, 2nd, 
lst 3rd 
Year of 
appear- 18, 12 10, 9 ll 8,7 7,8 ll 9, 10 6, 12, 
ance: 6 18 
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year molars second, and the 18-year molars 
or wisdom teeth third. Wisdom teeth may 
erupt late in life or not at all, failure of erup- 
tion often being the cause of cysts of the jaw. 

The table at bottom of page 139 is a dental 
formula for the permanent teeth, with the 
date of eruption expressed in years. 

There are 32 permanent teeth, 16 in each 
jaw, consisting of 4 varieties (Fig. 107): (1) The 
incisors or cutting teeth. The crown of these 
is chisel-shaped; the labial surface, convex; and 
the lingual, concave. The upper and particu- 
larly the central upper incisors are large, but 
the lower ones are the smallest of all the teeth. 
The roots of the incisors are single. The upper 
incisors overlap the lower, and from this point 
onward, with the exception of the last molar, 
every tooth in the upper jaw bites against 2 
lower teeth. (2) The canine teeth are distin- 
guished by their somewhat pointed crowns. 
The labial surface is convex, and the lingual 
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slightly concave. The root is single and long, 
that of the upper canine being longer than 
that of any other tooth, thereby producing 
the canine eminence on the anterior surface 
of the maxilla. The upper canines are larger 
than the lowers and are known as the “eye” 
teeth. (3) The bicuspids, or premolars, ac- 
quired their name because of the two cusps 
which they present, one being lingual and the 
other labial. Each has a single root which 
shows a tendency to divide, especially in the 
first upper bicuspid. (4) The molars are distin- 
guished as the lst, the 2nd and the 3rd; these 
are the grinding teeth. The upper molars have 
4 cusps and the lower have 5. All are charac- 
terized by their large crowns and are the larg- 
est of all the teeth but diminish in size from 
the 1st to the 3rd. Each has 2 or 3 roots, which 
occasionally are united in the last molar. As 
a rule, a difference may be noticed between 
the molars of the maxilla and those of the man- 


Fig. 107. The sixteen adult teeth of the right side. The roots have been represented in phantom. 
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dible. Normally, the upper molars possess 3 
roots and the lower have 2. The upper molars 
have either 3 or 4 projecting tubercles, and 
the lower usually have 5. 

Each tooth (Fig. 108) has a crown covered 
with enamel, a neck encircled by gum, and 
a root imbedded in the jaw. At the apex of 
each root is found the apical foramen, which 
is a pinpoint opening leading through a wid- 
ening canal to the pulp cavity. This is filled 
with tooth pulp, a vascular connective tissue 
with numerous little nerves and vessels which 
reach it via the apical foramen. Each tooth 
consists of: (1) enamel, which is the insensitive 
covering of the crown; (2) dentine, the exqui- 
sitely sensitive yellowish basis of the tooth; 
(3) cement (crusta petrosa), a bony covering 
for the root and the neck of the tooth; (4) pulp, 
which is a fibrous material containing the 
nerves and the vessels; (5) periodontal mem- 
brane (periodontium) which is continuous 
with the lamina propria of the gum and is 
attached to both the cement and the alveolar 
wall. 

The teeth are rooted in the alveolar cavities 
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Fig. 108. Vertical section of a tooth, showing its 
structure. 
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or sockets and are firmly maintained there. 
These sockets, and particularly the lower ones, 
are much nearer the outer than the inner ta- 
ble, as evidenced by their palpable bulging 
into the vestibule. The thinness of this outer 
plate explains the perforation of root abscesses 
onto the vestibular surfaces and also the frac- 
tures of the outer plate during tooth extrac- 
tions. 

The maxillary teeth are supplied by 
branches of the maxillary and the infraor- 
bital nerves. The lymph vessels of these teeth 
end in nodes on the surface of the parotid 
and below the mandible. The mandibular 
nerve supplies the mandibular teeth; and 
their lymph vessels end in nodes below the 
mandible and in the carotid triangle. 

An alveolar abscess (Fig. 109) is a collection 
of pus located at the apex of the tooth. The 
infection in the pulp cavity invades the space 
between the root and the socket. The pus es- 
capes through the surface offering the least 
resistance, usually the external alveolar plate 
lateral to the apex of the tooth. However, it 
may burrow and form a sinus some distance 
from the point of origin. Abscesses are less 
likely to occur in the upper jaw, where the 
blood supply is good; if such an abscess forms, 
it may extend into the maxillary sinus or the 
nasal cavity. In the lower jaw pus may make 
a path between the periosteum and the soft 
tissue or between the periosteum and the 
bone. Pus burrowing in such directions may 
discharge on the neck beneath the jaw and 
the chin, or into the floor of the mouth, pro- 
ducing a Ludwig’s angina (p. 159). An abscess 
of the wisdom tooth may penetrate the lateral 
tissues at the angle of the jaw or occasionally 
pass downward into the neck, forming a large 
abscess in the submaxillary region. 

Veins of the lower jaw (Fig. 110) drain into 
the inferior dental vein, which in turn drains 
into the pterygoid plexus. Those from the up- 
per jaw drain in 2 directions: the anterior 
veins drain into the anterior facial, and the 
posterior into the pterygoid plexus. Following 
tooth extraction, ascending infections may in- 
volve the pterygoid or pharyngeal plexuses; 
from here they may travel to the cavernous 
sinus via the vein of Vesalius (Fig. 31). On 
the other hand, a thrombophlebitis of the 
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Fig. 109. Alveolar abscesses and their possible 
paths of invasion. In the upper jaw, the infection 
may spread to the external bony plate, into the 
mouth, the nasal cavity or the maxillary sinus. In 
the lower jaw, abscesses may burrow between peri- 


pterygoid plexus may travel through the veins 
which communicate with the inferior oph- 
thalmic vein. In cavernous sinus thrombosis 
following infections of the anterior teeth 
there is a tendency for the infection to spread 
via the anterior route: the anterior facial and 
angular veins through the orbit via the 
ophthalmic veins, and especially by the way 
of the superior. 

In the condition known as pyorrhea alveo- 
laris, a purulent inflammation of the dental 
periosteum is present. The process involves 
the gingivae and the walls of the alveoli. Re- 
cession of the gums takes place until the teeth 
and their gingival and alveolar connections 
become loosened and finally fall out. As soon 
as the tooth is removed, the inflammatory 
symptoms usually subside. 


Hard and Soft Palates (Fig. 111). The palate 
forms the superior wall or roof of the buccal 
cavity. It consists of two portions: in front, a 
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osteum and soft tissue, or between periosteum and 
bone, and then discharge on the neck, between 
the jaw and the chin; pus may also find its way 
to the floor of the mouth, resulting in Ludwig’s 
angina (see Fig. 115). 


hard palate which has an osseous base, and, 
posteriorly, a soft palate composed of fibrous 
tissue. 

The hard palate is covered by mucous 
membrane and forms a partition between the 
buccal and the nasal cavities. It is formed by 
the palatine processes of the maxilla and the 
horizontal plate of the palatine bone. The mu- 
cous membrane is peculiar in that it is practi- 
cally one with the periosteum which covers 
the bone (mucoperiosteum). Therefore, in dis- 
secting it, the bone is laid bare, since the mu- 
cous membrane and the periosteum cannot 
be separated. The membrane is thin in the 
midline but thicker at the sides, the increased 
thickness being due to the presence of numer- 
ous glands that lie beneath the surface later- 
ally but are absent toward the midline. Be- 
cause of its toughness, the membrane is easy 
to manipulate when flaps are being formed 
in the operation for cleft palate. 

The main blood supply of the hard palate 
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Fig. 110. The venous drainage of the teeth and 
possible paths of extension of a thrombophlebitis. 
The veins of the upper jaw drain in two directions: 
the anterior drains into the anterior facial vein, 
and the posterior into the pterygoid plexus. Follow- 
ing a tooth extraction, these infections may travel 
to the pterygoid or the pharyngeal plexus. Ptery- 


is derived from the descending palatine 
branches of the maxillary artery, which 
emerges from the posterior palatine canal 
near the inner side of the last molar; it then 
passes forward and inward, ending in the an- 
terior palatine canal. The artery is so situated 
that it is easily injured when incisions are 
made for operations in cleft palate. Should this 
occur, delayed healing or even sloughing of 
the flaps may result. Therefore, in dissecting 
such flaps, the vessel may be spared if the 
incision is placed as close as possible to the 


goid plexus infections can extend to the inferior 
ophthalmic veins or through the foramina lacerum 
and ovale. In cavernous sinus thrombosis following 
anterior teeth infections, the thrombophlebitis usu- 
ally spreads from the anterior facial vein through 
the orbit via the ophthalmic veins, usually the supe- 
rior. 


gingival border and, as it is extended posteri- 
orly, it should wind about the last molar. The 
artery runs closer to the bone than to the mu- 
cous surface. Some surgeons advocate that the 
vessel be ligated deliberately as a preliminary 
step in the treatment of cleft palate and that 
actual repair be postponed for some weeks 
until a collateral circulation has become estab- 
lished. 

The mucous membrane of the hard palate 
is noted for its numerous rugosities. The me- 
dian raphe is very distinct and terminates in 
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Fig. 111. The palate. The palatine glands have been removed on the left side to show the vascular 


supply. 


front in the incisive papilla which overlies the 
anterior palatine foramen. On each side of the 
raphe are the transverse ridges which form 
the palatine rugae. These vary in number and 
in prominence and become less distinct as age 
advances. 

The soft palate, or vellum, is attached to 
the posterior edge of the hard palate and con- 
sists of connective tissue, muscles, blood ves- 
sels, nerves and glands. It is a fleshy curtain 
that hangs down in the isthmus of the fauces 
and shuts the mouth from the pharynx during 
nasal breathing. In deglutition or mouth 
breathing it is raised to a horizontal position 
to close the buccal portion of the pharynx 
from the nasopharynx and in this way pre- 
vents food from entering the nasopharynx. If 
the palate is paralyzed and cannot be raised, 
the nasopharynx is unprotected, and fluids are 
liable to be regurgitated through the nose. Al- 


though the anterior border of the palate is 
attached, its posterior is free and presents in 
the midline a downward projection called the 
uvula. The soft palate is attached to the lateral 
wall of the pharynx on each side and is uni- 
formly about % inch thick. Its framework is 
formed by the palatal aponeurosis, which is 
attached to the posterior edge of the bony 
palate, is joined by the tendons of the palati 
muscles and finally becomes lost between the 
muscles. 

There are 5 muscles of the soft palate: 2 
descend from it to the tongue and the pharynx 
(palatoglossus and palatopharyngeus), 2 de- 
scend to the palate from the base of the skull 
(levator palati and tensor palati), and one lies 
in its substance (musculus uvulae) (Fig. 111). 
1. The (levator palati) muscle originates from 
the lower surface of the apex of the petrous 
bone and the medial surface of the Eustachian 
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tube. It inserts into the upper aspect of the 
palatal aponeurosis. 

2. The tensor palati muscle originates from 
the scaphoid fossa of the sphenoid bone and 
the lateral aspect of the Eustachian tube. Its 
tendon winds around the hamulus and pierces 
the buccinator to form a broad attachment 
to the palatal aponeurosis and to the posterior 
border of the hard palate. 

3. The palatoglossus or glossopalatinus mus- 
cle arises from the undersurface of the pala- 
tine aponeurosis, descends in front of the ton- 
sils in the glossopalatine arch and is inserted 
into the posterior aspect and side of the 
tongue. 

4. The palatopharyngeus or pharyngopala- 
tinus muscle arises from the posterior border 
of the bony palate and from the palatine apo- 
neurosis, then descends behind the tonsil in 
the pharyngopalatine arch. It is inserted 
partly into the posterior border of the thyroid 
lamina and partly into the posterior wall of 
the pharynx. As it descends, it is in intimate 
contact with the inner surface of the constric- 
tor muscles and lies posteromedial to the stylo- 
pharyngeus. 

5. Each musculus uvulae arises from the pos- 
terior nasal spine and the palatine aponeurosis 
and inserts into the uvula. Two small muscular 
slips lie on either side of the midline in the 
substance of the uvula. 

The actions of the tensor and the levator 
muscles are indicated by their names. The 
palatoglossi muscles aid in the elevations of 
the dorsum of the tongue and in the closure 
of the oropharyngeal isthmus during the first 
stage of deglutition. The palatopharyngeal 
muscles aid in the elevation of the larynx and 
thus shorten the pharynx in the 2nd stage of 
deglutition. The uvular muscle shortens and 
raises the uvula. 

The muscles of the soft palate are supplied 
by several nerves. The levator palati, the mus- 
cle uvulae and the palatopharyngeus are sup- 
plied, with the muscles of the pharynx, by the 
spinal accessory nerve; the palatoglossus, by 
the hypoglossal nerve, which also supplies the 
muscles of the tongue; the tensor palati is sup- 
plied, together with the tensor tympani, by 
the 3rd division of the 5th nerve through the 
otic ganglion. 
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The nerve supply to the mucous membrane 
of the soft palate is derived from branches 
descending from the pterygopalatine gan- 
glion (maxillary nerve). These have been re- 
ferred to as the lesser and the middle palatine 
nerves. 

The blood supply of the soft palate is de- 
rived from branches of the ascending pharyn- 
geal, maxillary and facial arteries. 


Surgical Considerations 


Staphylorrhaphy and Uranoplasty 


Different types of cleft palate (Fig. 112) re- 
quire different management. The name “staph- 
ylorrhaphy” is given to the operation that 
approximates a cleft in the soft tissue, and 
“uranoplasty” to that which corrects a defect 
in the bone. The soft parts are divided on the 
hard palate to the bone and then separated 
from it. The soft and the hard tissue edges 
are freshened, the edges of the soft tissues 
are separated from the underlying bone and 
smoothly trimmed with a sharp scalpel. The 
soft parts are brought together by sutures, the 
periosteum being included. At times retention 
sutures are necessary to maintain proper ten- 
sion. The important features of the operation 
are proper mobilization and freshening of the 
margins of the cleft associated with approxi- 
mation of the soft parts to close the defect. 


Tongue (Vessels and Nerves). The tongue is 
a solid mass of muscle covered by mucous 
membrane and attached to the floor of the 
mouth, the hyoid bone and the mandible. Situ- 
ated below the palate, above the floor of the 
mouth proper and in front of the pharynx, 
it is divided into 2 parts which differ develop- 
mentally, structurally and functionally, in 
nerve supply and in appearance. The anterior 
two thirds, called the oral part or body, has 
also been referred to as the buccal portion; 
the posterior third is the pharyngeal part or 
root. The boundary between the oral and the 
pharyngeal parts is marked on the dorsum of 
the tongue by an inverted V-shaped groove 
called the terminal sulcus, the apex of which 
corresponds to a depression known as the fo- 
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Fig. 112. The surgical correction of cleft palate. 


ramen caecum (the upper end of the thyro- 
glossal tract). 

The dorsal surface (Fig. 113 A) of the buccal 
part of the tongue presents a rough mucous 
membrane with numerous papillae, but the 
dorsal surface of the pharyngeal portion is rel- 
atively pale and presents masses of lymphoid 
nodules called “lingual tonsils.” These form 
the lowest part of the ring of lymphatic tissue 


that encircles the pharynx (Waldeyer’s ring). 
The 3 types of papillae characteristic of the 
mucous membrane of the anterior two thirds 
of the tongue are: 
1. The vallate papillae, 10 to 12 in number, 
which lie immediately in front of the sulcus 
terminalis. Since they run anteriorly and par- 
allel with the sulcus, they too are arranged 
as an inverted V. Each is a short cylinder sur- 
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Fig. 113. The tongue: (A) viewed from above, (B) the extrinsic muscles. The glossopalatine muscle is 


shown in Figure 103. 


rounded by a circular trench, the outer wall 
of which is raised to resemble a collar. Serous 
glands open into the trench, and taste buds 
lie in their walls. 

2. The fungiform papillae are smaller than 
the vallate and appear as bright-red spots, 
more numerous at the tip and the margin. 
They are furnished with taste buds and consist 
of a rounded head attached by a narrow base. 
3. The filiform papillae are the smallest and 
most numerous of the lingual papillae. They 
cover the anterior two thirds of the tongue 
and give it its characteristic velvety appear- 
ance. Posteriorly, they are arranged in rows 
parallel with the sulcus terminalis, but they 
are transverse in the middle of the tongue 
and become irregular anteriorly. They contain 
the touch corpuscles. 

The inferior surface of the tongue (Fig. 105) 
has no papillae and is smooth. It is connected 
with the floor of the mouth by the frenulum, 
on each side of which is the lingual (ranine) 
vein; the vessel is visible through the mucous 
membrane. Laterally, there is a fringed fold 
called the fimbriated fold. These folds con- 


verge toward the tip and indicate the position 
of the deep lingual (ranine) artery, which is 
placed deeper than the vein. 

The muscle substance of the tongue (Fig. 
113 B) is divided into right and left halves 
by a median fibrous septum, each half being 
made up of both intrinsic and extrinsic mus- 
cles. The extrinsic muscles move the tongue 
and alter its shape, but the intrinsic only alter 
its shape. The 4 extrinsic muscles are the 
genioglossus which protrudes the tongue, the 
styloglossus which retracts it, the hyoglossus 
which depresses it, and the palatoglossus 
which elevates the root of the tongue. The 
4 intrinsic muscles are the longitudinalis su- 
perior, the longitudinalis inferior, the trans- 
versus and the verticalis. 

The motor nerve of the tongue (Fig. 114 
A) is the hypoglossal, which supplies the en- 
tire musculature except the glossopalatine 
which is supplied by the pharyngeal plexus. 
The glossopharyngeal nerve supplies both 
taste and sensory fibers to the posterior third 
of the tongue. The lingual nerve (trigeminal) 
supplies sensory fibers to the anterior two 
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Fig. 114. Nerves and vessels of the tongue: (A) nerves and blood supply: the lingual vein is formed 
by 4 veins; (B) lymph drainage of the tongue; the central group of lymph vessels is not shown. 


thirds, but the chorda tympani (facial) is in- hypoglossal nerves are injured, as may occur 
corporated in the lingual and supplies part in excision of the tongue for carcinoma or in 
of the tongue with taste fibers. Because of this fracture of the jaw, the genioglossi become 
arrangement, the semilunar ganglion may be paralyzed, and the tongue falls backward and 
removed and taste remain unaffected. If the may produce suffocation. If only one genio- 
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glossus is paralyzed, the protruded tongue is 
thrust to the paralyzed side, thus indicating 
the side of the lesion. 

The lingual artery supplies the tongue (Fig. 
114 A); it is a branch of the external carotid 
and arises between the superior thyroid and 
the facial arteries. It makes a characteristic 
short upward hook and disappears under 
cover of the posterior border of the hyoglossus 
muscle. Before reaching this muscle it is ap- 
plied to the middle constrictor of the pharynx 
and then passes between the hyoglossus and 
the genioglossus. The hyoglossus separates it 
from the 12th nerve. The artery turns upward 
and, after supplying branches to the sublin- 
gual gland, terminates as the deep lingual 
(profunda) artery, running forward in the 
lower part of the tongue as far as its tip. Its 
only anastomosis is at the tip, and because of 
this the tongue can be bisected almost blood- 
lessly. 

Four veins pass backward to form the lin- 
gual vein. They are: (1) the ranine (vena comi- 
tans nervi hypoglossi), the chief vein of the 
tongue, which crosses the anterior surface of 
the hyoglossus muscle obliquely; (2) an accom- 
panying vein which runs with the hypoglossal 
nerve on the outer surface of the hyoglossus 
muscle; (3) and (4) two venae comites of the 
lingual artery which accompany the artery on 
the deep surface of the hyoglossus muscle. Af- 
ter these 4 veins converge to form the lingual, 
they cross the loop of the lingual artery and 
both carotids and end in the internal jugular; 
at times they may terminate in the common 
facial vein. 

The lymph drainage (Fig. 114 B) of the 
tongue may be divided into 4 groups: namely, 
apical, marginal, central and posterior or 
basal. 

1. Apical Group. These lymph vessels start 
at the tip of the tongue and pass in two direc- 
tions: directly to the submental nodes, and 
to the jugulo-omohyoid (supraomohyoid) 
node. 

2. Marginal Group. Many of these vessels 
pass down on the outer surface of the hyoglos- 
sus muscle. The group drains the side of the 
tongue and passes to the submandibular gland 
and to the glands of the deep cervical chain. 
There may be lymph nodes lying on the hyo- 
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glossus in relation to these vessels; these may 
be palpated if a finger is placed in the floor 
of the mouth and the fingers of the other hand 
placed beneath the jaw bone. 

3. Central Group. These are the vessels that 
drain the area of the tongue immediately to 
either side of the median raphe. They pass 
directly downward in the midline between 
the genioglossi muscles and then to either the 
right or the left deep cervical nodes. 

4. Posterior (Basal) Group. The vessels of this 
group drain the posterior part of the tongue, 
many of them passing freely from one side 
to the other. They enter the deep cervical 
chain. 

In carcinoma of the tongue, cancer cells 
may pass freely to the lymph vessels, then to 
the lymph nodes, and may involve both sides 
of the neck. Therefore, it is necessary that 
all nodes receiving lymph from the tongue 
be eradicated. 


Practical Considerations 


Three Muscular Fascial Spaces and 
One Vascular Visceral Space 


Coller and Yglesias have emphasized the fact 
that the fasciae in this region are attached 
to periosteum, enclose facial muscles and form 
closed spaces. In this way the spaces are sepa- 
rated from cervical fascial spaces, and infec- 
tions do not spread into the neck but remain 
limited. However, the fasciae which surround 
the viscera and the vessels are continuous be- 
tween the face and neck so that infections 
may travel from one to the other. These au- 
thors have described three muscular fascial 
spaces and one vascular visceral space (Fig. 
115 A). 


Space of the Body of the Mandible. This fas- 
cial space exists between the superficial and 
the deep divisions of the middle muscular fas- 
cia. It has an important bearing on infections _ 
of this bone and, because of the fascial attach- 
ment, osteomyelitis of the body of the mandi- 
ble is prevented from spreading either super- 
ficially or deep. An infection in this location 
may do one of 3 things: discharge into the 
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Fig. 115. Infections about the face and the mouth: (A) the 3 muscular fascial spaces, (B) approach to 


abscesses above and below the geniohyoid muscle. 


mouth, spread to the masticator space, or re- 
main localized. The space is drained through 
the mouth by means of an incision that goes 
through the gingival mucous membrane of 
the vestibule or by an incision through the 
skin along the inferior border of the body of 
the bone. 


' Masticator Space. The 2nd space is occupied 
by the ramus of the mandible. It is bounded 
externally by the masseter, internally by the 
pterygoids and superiorly by the temporal 
muscle. Infections in this space may travel up- 
ward either to the so-called superficial or to 


deep temporal spaces. The temporal spaces 
may be drained by incisions that are carried 
through the skin, the subcutaneous tissue and 
the temporal fascia. If the malar bone or the 
zygoma are involved, resection of either may 
be necessary. 


Parotid Space. This is the 3rd fascial space 
of the face. It is occupied by the parotid gland. 
Drainage of this space can be accomplished 
by an incision that is made in front of the 
ear and passes downward behind and below 
the jaw. The external surface of the parotid 
is thus exposed without injury to the facial 


Pharynx 


nerve if the dissection is kept external to the 
glandular substance. If it is desirable to drain 
the space between the masseter muscle and 
the superficial part of the parotid gland, a hori- 
zontal incision is made at the level of and par- 
allel with the superior border of the mandible. 


Visceral Vascular Fascial Space. This is the 
lateral pharyngeal space. It is bounded anteri- 
orly by the medial wall of the masticator 
space, laterally by the parotid space, posteri- 
orly by the carotid sheath and medially by 
the submaxillary gland. Since this is not one 
of the enclosed facial fascial spaces, infection 
may travel and involve the internal carotid 
artery, producing severe hemorrhage, or it 
can produce septic thrombosis of the internal 
jugular vein. Drainage may be external 
through the parotid space or internal through 
the lateral pharyngeal wall. Infection in this 
space can spread readily to the viscerovascular 
spaces of the neck and the mediastinum. 


Upper and Lower Lip Infections 


Infections in the Upper Lip. These should not 
be incised or squeezed. Many surgeons advo- 
cate ligation of the angular vein, but this is 
still a moot question. If pus is present, some 
advise drainage. Meningitis and the occur- 
rence of cavernous sinus thrombosis should 
always be kept in mind (Fig. 31). 


Infections in the Lower Lip. These are less 
dangerous than those of the upper. Cavernous 
sinus thrombosis rarely occurs from infections 
in this region because the veins lie at a deeper 
level and are more efficiently splinted by mus- 
cle and bone. Two anatomic spaces are formed 
in the floor of the mouth (Fig. 115 B). The 
superficial space lies between the genioglossus 
and the geniohyoid muscles and is divided into 
two compartments by a median fascial sep- 
tum. The 2nd space lies at a deeper level and 
is situated between the geniohyoid and the 
mylohyoid muscles. It, too, is divided in the 
middle by a fascial septum. Ludwig’s angina 
constitutes involvement of these spaces, with 
elevation of the tongue and inflammation of 
the mucous membrane over the involved 
area. If the infection is unilateral, the tongue 
is pushed to the opposite side, but if bilateral, 
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it is pushed upward toward the roof of the 
mouth. The treatment of Ludwig’s angina 
consists of early drainage instituted in the in- 
volved space; hence, it is important to deter- 
mine whether the abscess is below or above 
the geniohyoid. If the abscess is below this 
muscle, the region under the chin is promi- 
nent, and an incision should be made through 
the skin, the subcutaneous tissue and the 
mylohyoid muscle into the abscess cavity. If 
the swelling is diffuse, the incision should fol- 
low the lower border of the mandible in order 
that both sides of the fascial septum or both 
sides of this space can be dealt with properly. 
If the infection is situated above the genio- 
hyoid muscle, it usually points under the 
tongue and then can be drained through the 
floor of the mouth, the incision passing 
through the mucous membrane and the ge- 
nioglossus muscle. Both sides of the fascial 
septum should be explored. 


Pharynx 


For descriptive purposes, the pharynx is di- 
vided into 3 parts, namely, the nasopharynx, 
the oropharynx and the hypopharynx. How- 
ever, from a functional point of view, the 
pharynx remains united by its constrictor mus- 
cles. These muscles have a common insertion 
into the median pharyngeal raphe and form 
a musculomembraneous tubular passage from 
the base of the skull to the opening into the 
esophagus (Fig. 167). 


Tonsils 


The term “tonsil” (Figs. 116 and 117) usually 
applies to the faucial or palatine tonsils. The 
tonsillar region, although anatomically located 
in the anterolateral pharynx and properly be- 
longing to it, is considered as an intermediate 
area between the buccal cavity and the oral 
division of the pharynx. The tonsils are 2 
masses of lymphoid tissue placed in the fossa 
tonsillaris and located on the surface at a 
point a little above the angle of the mandible. 
They lie between the palatoglossal and the 
palatopharyngeal arches, above the back part 
of the tongue and below the soft palate. Each 
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Fig. 116. The palatine tonsil and its relations, shown in sagittal section. 


tonsil has 2 surfaces (medial and lateral), 2 bor- 
ders (anterior and posterior), and 2 poles (su- 
perior and inferior). 


Surfaces. The medial surface is free and can 
be seen through the mouth when the tongue 


is depressed. It faces inward and presents 
from 12 to 30 rounded or slitlike openings 
called the tonsillar crypts. Tiny plugs of food, 
debris or pus often fill and identify these open- 
ings. This surface is covered with mucous 
membrane in the form of squamous epithe- 
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Fig. 117. The relations of the palatine tonsil to its capsule and the surrounding structures. 


Pharynx 


lium which invades the substance and lines 
the crypts. 

The lateral is the attached surface. It is cov- 
ered by a fascia derived from the pharyngeal 
aponeurosis, which is referred to as the cap- 
sule of the tonsil. This is attached laterally by 
loose areolar tissue to the inner surface of the 
superior constrictor of the pharynx. Lateral 
to the superior constrictor are the ascending 
palatine, the pharyngeal and the tonsillar ar- 
teries; the medial pterygoid muscle is situated 
lateral to these. One or more veins descend 
over the lateral surface of the capsule. The 
superior constrictor separates the tonsil from 
the facial artery at that point where the artery 
begins to arch downward. 


Poles. The upper pole of the tonsil invades 
the lateral surface of the soft palate, and the 
lower is continuous with the lingual tonsil. 


Borders. The anterior border is in contact 
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with the palatoglossus muscle, and the poste- 
rior with the palatopharyngeus muscle. 


Structural Connections. The blood supply 
(Fig. 118) of the tonsil is very profuse, the 
main vessel being the tonsillar artery, a 
branch of the facial. This vessel enters the ton- 
sil from its lateral aspect and near its lower 
pole. Other small vessels aid in the blood sup- 
ply, anastomosing freely with one another. 
They are the ascending palatine (facial), dor- 
salis linguae (lingual), greater palatine (maxil- 
lary) and the ascending pharyngeal arteries. 

The veins form a plexus which surrounds 
the capsule, pierce the superior constrictor 
and end in the pharyngeal plexus, which is 
a tributary of the internal jugular vein. 

The lymphatics leave the gland, pierce the 
superior constrictor and end in the superior 
deep cervical chain. One node is situated be- 
low the posterior belly of the digastric and 
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Fig. 118. The blood supply of the tonsil. 
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Fig. 119. Tonsillectomy. 


the angle of the jaw. It lies on the carotid from the glossopharyngeal nerve and the 

artery in the angle formed by the junction pharyngeal plexus. 

of the common facial with the internal jugular 

vein and has been referred to as the jugulodi- 

gastric node (tonsillar node of Wood). This Surgical Considerations 

may be enlarged not only in nonspecific infec- 

tions, but by the tubercle bacillus when it Tonsillectomy and _ Peritonsillar Abscess. 

gains entrance by way of the tonsil. When a tonsil is removed, its capsule should 
The nerve supply to the tonsil is derived remain attached to it. This exposes the con- 


Surgical Considerations 


strictor muscle and not the aponeurosis of the 
pharynx. Therefore, the capsule is removed 
with the tonsil because it is firmly blended 
with that organ. 

In tonsillectomy, traction on the gland pulls 
it forward without dragging the pharyngeal 
wall and the internal carotid artery. This is 
explained by the laxity of the tissue which ex- 
ists between the gland and the superior con- 
strictor. However, in patients who have suf- 
fered repeated attacks of quinsy, this lax tissue 
may be replaced by dense adhesions. Tonsillar 
hemorrhage following surgery is the result of 
bleeding from the tonsillar vessels proper, 
since the possibility of injuring the internal 
carotid is most remote and the external ca- 
rotid lies still farther externally. 

In tonsillectomy (Fig. 119), after proper ex- 
posure with a mouth gag and tongue depres- 
sor, a tenaculum is applied to the palatal pole, 
and traction made downward and medially. 
This maneuver makes visible the interval be- 
tween the tonsil and its anterior pillar. A sharp 
dissector enters this space along the anterior 
pillar and incises just beneath the mucous 
membrane which covers the tonsil. Retraction 
of the anterior pillar with blunt dissection will 
expose the blue-white capsule. If sharp dissec- 
tion is preferred, the point of the scissors is 
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applied toward the tonsil side, and an attempt 
is made to remain in the avascular cleavage 
plane. The tonsil is freed down to its lingual 
pole. A snare is then applied as low as possible 
on its base, tightened, and the base divided. 
A retractor is applied to the anterior pillar 
for the purpose of inspection, and pledgets 
of gauze or cotton are introduced for hemosta- 
sis by pressure. If active arterial bleeding is 
present, the severed artery is grasped and tied 
with a fine suture. 

A peritonsilar abscess is seen in the pharynx 
as a large red mass of swollen mucous mem- 
brane that obscures the tonsil on the infected 
side and pushes the uvula to the uninvolved 
side. 

In the treatment of peritonsillar abscess, an 
imaginary line should be drawn from the base 
of the uvula to the last molar of the same side. 
An incision is made at the junction of the ante- 
rior one third with the posterior two thirds 
along the arcus palatinus. This incision is 
spread with forceps, and the pus is allowed 
to flow out. Some surgeons advocate entering 
the tonsillar fossa (Fig. 116) with a curved 
sharp-pointed forceps. The approach between 
the tonsil and the anterior pillar seems to be 
an easier method of draining the supratonsil- 
lar fossa. 


SECTION 2 NECK 


Chapter 7 


Neck in 


The numerous vessels, nerves and visceral 
structures found in the neck make this region 
both interesting and important to the surgeon. 
The upper limits of the neck are the lower 
border of the jaw, a line extending from the 
angle of the jaw to the mastoid process, and 
the superior curved line of the occipital bone. 
The lower limits are the sternal notch, the 
clavicles and a transverse line from the acro- 
mioclavicular joint to the spinous process of 
the 7th cervical vertebra. The contour of the 
neck varies with age and sex, being well 
rounded in women and children but more an- 
gular in men; hence, the landmarks are more 
conspicuous in the male. In extension, the an- 
terior part of the neck is lengthened, and in 
flexion it is shortened, so that the distance be- 
tween its movable parts from the sternum to 
the lower jaw varies as does the relationship 
of these parts to the vertebrae. Therefore, it 
is necessary in giving relative positions of land- 
marks to suppose that the neck is midway be- 
tween flexion and extension, this being the 
natural upright position unless otherwise 
stated. The anterior portion of the neck con- 
tains the respiratory tube (larynx and trachea) 
and the alimentary tube (pharynx and esopha- 
gus); the great vessels and nerves are located 
on the sides, and the posterior portion con- 
tains the cervical segment of the spine and 
surrounding musculature. The infrahyoid re- 
gion extends from the hyoid bone above to 
the suprasternal notch below and is limited 
laterally by the anterior border of the sterno- 
cleidomastoid muscles. 
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General 


Embryology 


Visceral Arches 


The branchial (visceral) arches are best devel- 
oped in the human embryo about the last half 
of the 3rd week of intrauterine life, at which 
time they appear as parallel bars (Fig. 120). 
Six such arches are present, and they occupy 
a region which later becomes the neck. They 
represent the gill apparatus mechanism of wa- 
ter breathing vertebrates in which the respira- 
tory function is performed by means of a rich 
vascular tissue that lines the clefts. Water 
passes through these fringes, permitting the 
exchange of the oxygen of the water and the 
carbon dioxide of the blood. In higher verte- 
brates with the acquisition of aerial respira- 
tion, a loss of function in these gill arches takes 
place, and the number is reduced from 7 as 
seen in fish to 6 in man. The 5th and the 6th 
arches are blended with the surrounding 
structures so that they are not visible exter- 
nally as distinct bars. Each arch has an outer 
covering of ectoderm (squamous epithelium), 
an inner covering of entoderm (columnar ep- 
ithelium) and an intermediate mass of meso- 
derm. Between the bars, internal and external 
depressions are found. The internal depres- 
sions are called visceral pouches, and the ex- 
ternal are known as visceral clefts; the cleft 
membrane is formed between the two depres- 
sions. Each arch is supplied with a plate of 
cartilage, a muscle mass, a nerve and an ar- 
tery. 


Surgical Considerations 


First, or Mandibular, Arch. This is supplied 
by the mandibular branch of the 5th nerve 
and the external maxillary (facial) artery. Its 
muscle mass develops into the muscles of 
mastication, which are supplied chiefly by the 
mandibular nerve. This arch becomes differ- 
entiated into a shorter upper maxillary pro- 
cess and a longer lower mandibular one, both 
of which play a large part in the formation 
of the face. The cartilage of the first arch, re- 
ferred to as Meckel’s cartilage, is almost en- 
tirely replaced by the mandible, but its end 
persists and forms 2 of the ear bones, the mal- 
leus and the incus. 


Second, or Hyoid, Arch. This is supplied by 
the facial nerve, and its artery is the external 
carotid. Its muscle mass becomes the muscles 
of facial expression and the platysma. The car- 
tilage of the 2nd arch is known as the cartilage 
of Reichert. From it are developed the Stapes, 
the Styloid process, the Stylohyoid ligament 
and the Smaller cornu of the hyoid bone; 
hence, it can be called the “S” arch. 


Third, or thyrohyoid, arch. This is supplied 
by the glossopharyngeal nerve and the inter- 
nal carotid artery. The muscle mass of this 
arch becomes the stylopharyngeus muscle, 
and the cartilage develops into the body and 
the greater cornu of the hyoid bone. 


Fourth, fifth and sixth arches. These arches 
are unnamed and somewhat indefinite. How- 
ever, the 4th arch gives rise to the cricothy- 
roid muscle which is supplied by the external 
branch of the superior laryngeal nerve. The 
muscle mass of the 5th arch forms some of 
the intrinsic muscles of the larynx which are 
supplied by the recurrent laryngeal nerve. 
The cartilages of the 4th and the 5th arches 
become the framework of the larynx. The thy- 
roid cartilage originates from arches 4 and 5; 
the cricoid, the arytenoids, the rings of the 
trachea and the bronchi are formed from the 
6th arch. 

The arches enclose the primitive pharynx 
within which develop the important “T” 
structures: Tongue, tonsils, tube (Eustachian), 
thyroid, thymus and parathyroids. 
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Cervical Sinus 


The 2nd visceral arch, growing faster than the 
arches below it, soon overhangs them and 
forms a deep groove known as the cervical 
sinus (Fig. 121). The downgrowing 2nd arch 
eventually meets and fuses with the 5th, re- 
sulting in a space lined by squamous epithe- 
lium which normally disappears. However, if 
this space persists, a branchial cyst results. 
If the 2nd arch fails to meet the 5th, an open- 
ing called a branchial fistula is found along 
the anterior border of the sternocleidomastoid 
muscle which is most commonly placed above 
the sternoclavicular joint. The cleft mem- 
brane always forms a septum between such 
a cyst or fistula and the pharynx. Since a bran- 
chial fistula is situated below the 2nd arch and 
above the 3rd, its course can be readily under- 
stood, passing between the internal and the 
external carotid arteries (Fig. 122). The facial 
and the hypoglossal nerves lie superficial to 
the fistulous tract, and the glossopharyngeal 
nerve lies deep to it. If the fistula extends up- 
ward to the pharyngeal recess it will pass be- 
tween the stylohyoid and the stylopharyngeus 
muscles. 


Surgical Considerations 


Branchial Cysts. These should be completely 
excised and, since there is little adherence to 
the surrounding structures, these procedures 
are usually quite simple. A transverse incision 
is made in a skin crease of the neck so that 
there is minimal scarring, the proper cleavage 
plane is found, and the cyst is removed. 


Branchial Fistulae. Excision of branchial fis- 
tulae (lateral cervical fistulae) tends to be 
more difficult, since there is adherence to sur- 
rounding tissues (Fig. 123). It is wise to inject 
such a fistula with methylene blue and deter- 
mine whether or not the dye appears inside 
the pharynx; this also marks the fistulous tract. 
These operations may be long and difficult. 
Since complete exposure is necessary, a longi- 
tudinal incision along the anterior border of 
the sternocleidomastoid muscle is advised 
which extends from the external fistulous 
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Fig. 120. Arrangement and structure of the vis- 
ceral arches in the fetus. Each arch has a nerve 


an artery, a plate of cartilage and a muscle mass 
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Fig. 121. Formation of a branchial cyst and a bran- 
chial fistula in the embryo 
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Fig. 122. The course of a branchial fistula (diagram- 
matic). 


Bony Cartilaginous Framework 


Fig. 123. Excision of a branchial fistula. The inci- 
sion extends along the anterior border of the ster- 
nocleidomastoid muscle from the fistulous opening 
below, to the angle of the jaw above. The posterior 
belly of the digastric muscle and the anterior bor- 


opening below to the angle of the jaw. The 
fistulous tract is dissected from below upward, 
and the great vessels and the surrounding 
nerves are protected. An assistant’s finger may 
be inserted through the mouth to press the 
region of the internal opening of the fistula 
toward the surgeon. The incision is deepened 
through the skin, the superficial fascia and the 
platysma. Then the superficial layer of deep 
cervical fascia is incised along the anterior bor- 
der of the sternocleidomastoid which is freed 
and retracted posteriorly. The fistulous tract 
is dissected from below upward to the lower 
border of the posterior belly of the digastric 
which is retracted upward. The fistula may 
pass lateral to both carotids or may dip be- 
tween them. The pharyngeal part of the dis- 
section requires exact anatomic exposure. 
Some surgeons have suggested a stepladder 
type of operation, making multiple transverse 
incisions. 
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der of the sternocleidomastoid muscle are re- 
tracted in opposite directions, giving adequate ex- 
posure. In this case the fistula passes between the 
external and the internal carotid arteries. The tract 
is dissected from below upward. 


Bony Cartilaginous Framework 


The bony cartilaginous framework of the neck 
consists of the hyoid bone, the thyrohyoid 
membrane, the thyroid cartilage, the crico- 
thyroid membrane, the cricoid cartilage and 
the trachea (Fig. 124). 


Hyoid Bone. This has no immediate relation 
with the skeleton; it lies in the soft part of 
the neck at the root of the tongue and pos- 
sesses great mobility. Mosher has noted the 
importance of the greater cornu and has 
stated that 16 major structures of the neck 
(the glossopharyngeal, the recurrent laryngeal 
and the phrenic nerves excepted) are in close 
relation to it. The hyoid bone is on a level 
with the 3rd cervical vertebra, and its body 
is approximately on a level with the angles 
of the jaw. The upper borders of the cornu 
are excellent guides to the lingual arteries. 


168 


Neck: Neck in General 


i # 7 
c E Mii oidbonelcormu 
A SI i 7 
2 A a e 
f-: Y. l | - 
UA 


+ 4 
== Y} m 


à 
i 


å 


Od arc. (arch) 


Fig. 124. The bony and cartilaginous framework of the neck. 


Therefore, the hyoid bone is of great surgical 
importance as a landmark. The external laryn- 
geal muscles and several muscles of the 
tongue and the floor of the mouth attach to 
it. 

Thyrohyoid Membrane. This membrane is 
situated between the hyoid bone and the thy- 
roid cartilage. It acts as a ligament which sus- 
pends the larynx from the hyoid and attaches 
to the posterior border of the bone and its 
greater cornu. The interval between the bone 
and the cartilage varies from 1 to 1% inches. 


Thyroid Cartilage. This consists of 2 laminae 
which are separated behind but united in 
front to form a projection called the laryngeal 
prominence or Adam’s apple. The anterior 
borders of the laminae are joined at their 
lower halves, but the upper halves are sepa- 
rated and form the V-shaped superior thyroid 
notch which can be felt through the skin. This 
is an important landmark, since the common 
carotid arteries usually bifurcate at this level. 
An oblique line is usually visible on the poste- 
rior part of the lateral aspect of the lamina, 
and it is to this line that the sternothyroid 
muscle inserts and the thyrohyoid muscle 
takes its origin. 


Cricothyroid Membrane. This ligament closes 
the space separating the cricoid and the thy- 
roid cartilages. It is lozenge shaped, is widest 
in the midline and tapers toward the side. 
Through this space the simplest and most 


rapid tracheotomy may be performed for the 
immediate relief of suffocation. 


Cricoid Cartilage. This cartilage forms a com- 
plete ring encircling the larynx, below the thy- 
roid cartilage. Its narrow anterior part, or 
arch, is easily felt through the skin and lies 
on a level with the 6th cervical vertebra. The 
posterior part, or lamina, is much deeper, pro- 
jects upward and occupies the lower part of 
the gap between the 2 laminae of the thyroid. 
At this level is the junction of the pharynx 
and the esophagus, the larynx and the trachea, 
and here also the common carotid is crossed 
by the omohyoid muscle. It is also a useful 
guide in controlling serious hemorrhage from 
either carotid artery, since at this level pres- 
sure may be maintained against the tubercle 
of the 6th cervical vertebra. 


Sternocleidomastoid Muscle 


The sternocleidomastoid muscle is the most 
important surgical landmark in the neck (Fig. 
125). It arises by 2 heads: the sternal head 
originates in front of the manubrium sterni 
by means of a rounded tendon, and the clavi- 
cular head takes origin from the upper border 
and front of the medial third of the clavicle 
by muscle fibers. The muscle inserts on the 
outer surface of the mastoid process and the 
lateral third of the superior nuchal line. Its 
nerve supply is derived from the spinal part 


Deep Cervical Fascia (Fascia Colli) 





Fig. 125. The sternocleidomastoid muscle. This 
structure is the most important surgical landmark 
in the neck. 


of the spinal accessory and the 2nd and the 
3rd cervical nerves. When both muscles con- 
tract, the head becomes flexed on the verte- 
bral column, but contraction of one muscle 
rotates the head to the opposite side and 
draws it down toward the chest. The sterno- 
cleidomastoid separates the anterior from the 
posterior triangle of the neck, and many struc- 
tures which are considered as contents of 
these triangles actually lie under the muscle. 
These structures are the common and the in- 
ternal carotid arteries, the internal jugular 
vein, the vagus nerve, the scalenus anterior 
muscle and the cervical plexus. The triangular 
interval existing between the sternal and the 
clavicular heads is very evident in thin indi- 
viduals and appears as a slight depression. Be- 
neath the lower end of this depression and 
just above the sternoclavicular joint lies the 
common carotid on the left side and the bifur- 
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cation of the brachiocephalic (innominate) ar- 
tery on the right. The carotid sheath is under 
cover of its lower part and along its anterior 
border above. Along its posterior border, the 
nerves of the cervical and the brachial plex- 
uses are found. The spinal part of the spinal 
accessory nerve extends backward and down- 
ward through its deep fibers. 


Deep Cervical Fascia (Fascia 
Colli) 


The important deep cervical fascia consists 
of 3 layers: superficial (general investing or 
enveloping fascia), middle (pretracheal fascia) 
and deep (prevertebral fascia) (Figs. 126 and 
127). 


Superficial Layer (General Investing 
or Enveloping Fascia) 


The superficial layer of deep cervical fascia 
is characterized by its tendency to divide, 
hence its synonyms: investing or enveloping 
layer. This fascia splits to envelop 2 muscles 
(trapezius and sternocleidomastoid), 2 salivary 
glands (submaxillary and parotid) and 2 spaces 
(space of Burns and a space above the clavicle 
in the posterior triangle). It extends from the 
ligamentum nuchae posteriorly to the midline 
anteriorly where it becomes continuous with 
its fellow of the opposite side. As it leaves the 
ligamentum nuchae, it splits to envelop the 
trapezius muscle, reuniting at the muscle’s an- 
terior border to form the roof of the posterior 
triangle. It divides again at the posterior bor- 
der of the sternocleidomastoid muscle, the 2 
layers joining at its anterior border to form 
the roof of the anterior triangle. 

This layer of fascia is attached above to the 
external occipital protuberance, the superior 
nuchal line, the mastoid process (base), the 
zygomatic arch and the lower border of the 
mandible. Below it is attached to the acromion 
process and spine of the scapula, the clavicle 
and the manubrium sterni. Its enveloping of 
the submaxillary gland is accomplished by a 
splitting of the fascia at the lower border of 
the gland, the superficial layer attaching to 
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Fig. 126. The deep cervical fascia in cross section. The first or superficial investing layer has been 
colored red; the second or pretracheal layer is yellow; the third or prevertebral layer is blue. 


the lower border of the mandible and the 
deep layer to the mylohyoid line (Figs. 126- 
128). The submaxillary lymph nodes are in- 
side of this sheath and in immediate contact 
with the submandibular salivary gland; 
therefore, in the removal of the lymph glands 
for tuberculosis or carcinoma, the salivary 
gland also should be sacrificed. 

The parotid investment is brought about by 
a splitting which takes place at the lower bor- 
der of the parotid gland, the deeper layer pass- 
ing deep to the gland and attaching to the 
base of the skull. The superficial layer passes 
_ superficial to the gland and attaches to the 
zygomatic arch; this layer is very dense, and 
any swelling of the underlying parotid gland 
causes tension and pain (mumps). 

The superficial fascia splits below to form 
2 spaces: the first is over the lower part of 
the posterior triangle where it is attached to 
the clavicle; between its layers are found the 
descending supraclavicular veins and part of 
the external jugular vein. The 2nd space is 
over the lower part of the anterior (region) 
triangle where it splits and attaches to the 


front and the back of the manubrium sterni, 
forming the suprasternal space of Burns (Figs. 
127 and 128). This contains the sternal head 
of the sternocleidomastoid muscle, the com- 
munication of the anterior jugular veins (jugu- 
lar arch), lymph nodes and fat. 


Middle Layer (Pretracheal Fascia) 


This layer is part of the general investing fas- 
cia and arises from the deep surface of the 
sternocleidomastoid muscle. It passes in front 
of the carotid system (internal jugular vein, 
common carotid artery and vagus nerve) and 
divides into the prethyroid and the pretra- 
cheal layers or laminae (Figs. 129 and 126). 


Prethyroid Layer. This is a thin lamina which 
passes in front of the thyroid gland and at- 
taches to it along an irregular line at the junc- 
tion of the middle and the posterior thirds 
of the superficial surfaces of each lateral lobe. 
Therefore, it passes in front of the superior 
thyroid vessels above and the inferior thyroid 
veins below. Laterally, it is separated from 
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Fig. 127. The deep cervical fascia in longitudinal section. The same color identification of the 3 layers 


as was used in Figure 126 is utilized here. 


the surface of the gland and from the pretra- 
cheal fascia proper by an interval filled with 
loose areolar tissue which has been aptly refer- 
red to by Sloan as the posterior thyroid space 
(Fig. 126). This triangular space is limited an- 
teriorly by the prethyroid lamina, posteriorly 
by the pretracheal layer proper and medially 
by the thyroid gland. It is necessary to enter 
this space before attempting to mobilize the 
lobe and dislodge it medially. 


Pretracheal Layer Proper. This layer passes 
in front of the trachea and extends behind 
the posterolateral border of the thyroid, thus 
forming the posterior boundary of the poste- 
rior thyroid space. Its fibers converge on the 


thyrotracheoesophageal area where they be- 
come dense and thick and fix the thyroid 
gland to this area. There is no cleavage plane 
at this point. This has been called the pedicle 
of the thyroid, and from here the fascia contin- 
ues medially over the trachea and the larynx 
to join the pretracheal layer of the opposite 
side. 

The vertical extent of the pretracheal fascia 
is from the hyoid bone above to the superior 
mediastinum below where it blends with the 
fibrous pericardium (Fig. 127). 

The suspensory ligaments of the thyroid 
gland are thickened portions of the pretra- 
cheal fascia that run from the upper and inner 
parts of the gland to the cricoid cartilage. The 
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Fig. 128. The superficial or enveloping layer of deep cervical fascia. The illustration demonstrates the 
“fascial envelopes” formed for the submaxillary salivary gland and sternocleidomastoid muscle. 


ligaments form a sling that anchors the gland 
to the larynx which must be severed before 
the thyroid can be mobilized properly. 


Deep Layer (Prevertebral Fascia) 


The prevertebral fascia (Figs. 126 and 127) 
also arises from the general investing fascia 
and is much thicker than the pretracheal. It 
passes behind the carotid system and covers 
the muscles that are applied to the cervical 
vertebrae (longus colli, longus capitis, scalenus 
anterior, medial and posterior, etc.). It is at- 
tached to the base of the skull above and con- 
tinues into the thorax where it blends with 
the anterior longitudinal ligament of the 
spine. The great vessels of the neck lie on 


this fascia, and the phrenic nerve and the an- 
terior rami of the cervical nerves are behind 
it. As the roots of the brachial plexus and the 
subclavian artery pass under the scalenus an- 
terior muscle they carry the prevertebral fas- 
cia with them into the axilla as the axillary 
sheath. 


Buccopharyngeal Fascia 


The buccopharyngeal fascia (Fig. 130) is a 
layer of connective tissue that passes around 
the sides and the back of the pharynx and 
binds the middle of the back of the pharynx 
to the prevertebral fascia. This anatomic fact 
aids in the diagnosis and the treatment of 
retropharyngeal abscesses. 
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Fig. 129. The pretracheal fascia. This fascia is a 
part of the general investing fascia; it arises from 
the deep surface of the sternocleidomastoid mus- 
cle. After passing in front of the carotid system, 
it attaches to the thyroid gland and then splits into 


In the unilateral variety or acute retrophar- 
yngeal abscess, a group of inflamed lymph 
glands break down which lie in the interval 
between the prevertebral and the buccophar- 
yngeal fasciae. They drain the nasopharynx 
and bulge on one side of the midline because 
of the midline attachment of the two fascia. 
The midline variety or chronic retropharyn- 
geal abscess usually results from tuberculosis 
of a cervical vertebra and starts behind the 
prevertebral fascia. Should it bulge into the 
pharynx it would be centrally located; it may 
then travel laterally behind the prevertebral 
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2 layers: an anterior prethyroid layer and a poste- 
rior pretracheal layer. The thyroid has been re- 
moved to show the distribution of the fascia. The 
inset shows the division of the fascia into 2 layers. 


fascia and point at the posterior border of the 
sternocleidomastoid. 


Submental Triangle 


The submental triangle (Fig. 131) has as its 
base the body of the hyoid bone and as its 
apex the symphysis of the mandible. It is 
bounded laterally by the anterior bellies of 
the digastric muscles. The roof of the triangle 
is made up of the investing layer of deep cervi- 
cal fascia, and its floor is formed by the mylo- 
hyoid muscles with their median raphe. The 
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Fig. 130. The buccopharyngeal fascia. (A) This fas- the attachment of the buccopharyngeal fascia pres- 
cia binds the upper part of the pharynx to the pre- ents to either side of the midline. (C) The chronic 
vertebral fascia directly in the midline. (B) Acute abscess, usually from tuberculosis of a cervical 
retropharyngeal abscess involves the lymph glands vertebra, is behind the prevertebral fascia and ap- 
in front of the prevertebral fascia and because of pears in the midline. 
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Fig. 131. The submental triangle. The superficial layer of deep cervical fascia has been incised to show 
the lymph drainage of the triangle. 


Deep Cervical Fascia (Fascia Colli) 


triangle contains the submental lymph nodes, 
which drain the superficial tissue below the 
chin, the central part of the lower lip, the 
adjoining gums, the anterior part of the floor 
of the mouth, and the tip of the tongue. The 
efferent vessels from these nodes pass to join 
the submandibular (submaxillary) lymph 
nodes. When they enlarge or become ab- 
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scessed they are usually prevented from rising 
into the mouth by the mylohyoid muscles. 

Wide incisions may be made into this area 
because there are no important structures that 
can be injured. After incising the investing 
layer of deep cervical fascia, location of the 
digastric and the mylohyoid muscles will im- 
mediately orient the surgeon. 


SECTION 2 NECK 


Chapter 8 


Anterolateral Region of the Neck 


Anterior (Region) Triangle 


The anterior (region) triangle (Fig. 132) of the 
neck is bounded in front by the midline of 
the neck, which extends from the symphysis 
of the mandible above to the sternal notch 
below; behind, by the anterior border of the 
sternocleidomastoid; above, by the lower bor- 
der of the mandible and a line drawn back- 
ward from its angle to the posterior boundary. 
This triangle is subdivided into 3 subsidiary 
triangles by the anterior and the posterior bel- 
lies of the digastric and the superior belly of 
the omohyoid. 





1. The digastric (submandibular) triangle is 
bounded by the anterior belly of the digastric 
in front, the posterior belly of the same muscle 
behind, and the border of the mandible above. 
2. The carotid triangle is bounded by the su- 
perior belly of the omohyoid below, the ster- 
nocleidomastoid behind and the posterior 
belly of the digastric above. 
3. The muscular triangle (minor supracla- 
vicular fossa) is bounded by the superior belly 
of the omohyoid above, the sternocleidomas- 
toid below, and the midline of the neck in 
front. 

That region of the neck which is bounded 
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Anterior (Region) Triangle 


by the body of the hyoid bone below and the 
anterior bellies of the digastric on each side 
forms the submental triangle. 


Superficial Structures (Skin, 
Superficial Fascia, Platysma and 
Lymph Nodes) 


Skin. The skin of the neck is loosely attached, 
especially anteriorly. Since it is well supplied 
with blood vessels, it favors plastic surgery. 
The skin that covers the posterior region is 
very thick, adherent and contains numerous 
sebaceous glands, which explains the fre- 
quency of furuncles and carbuncles in this 
area. 


Superficial Fascia. This fascia of the neck con- 
sists of fat and connective tissue. It is not 
clearly defined and is difficult to demonstrate. 


Platysma Muscle. This rhomboidal muscle 
lies in the superficial fascia of the neck (Fig. 
133). It originates from the fascia of the pecto- 
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ralis major and the deltoid and inserts into 
the lower border of the mandible; its fibers 
converge as they pass upward and medially. 
Some of the fibers reach the face and mingle 
with the risorius and other depressor muscles. 
Its posterior border is free, covers the lower 
anterior part of the posterior triangle and con- 
tinues across the base of the jaw to the angle 
of the mouth. Its anterior border decussates 
behind the chin. Since it is a muscle of expres- 
sion, it is supplied by the cervical branch of 
the facial nerve which reaches its deep sur- 
face. Branches of the transverse (anterior cu- 
taneous) nerve of the neck pierce it. In some 
individuals it is well developed and in others 
it is difficult to find. It is lacking in the midline 
of the neck; therefore, it cannot be sutured 
in this location. Between the muscle and the 
underlying superficial layer of deep cervical 
fascia lie the anterior and the external jugular 
veins and the cutaneous nerves of the neck. 
Incisions in the neck bleed freely before the 
deep fascia is cut, because the retraction of 
the divided platysma holds the cut veins open 





Fig. 133. The platysma muscle. A wedge of muscle has been cut on the left to show the underlying 
nerves. The inset shows the true position of the platysma, in the superficial fascia. 
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and prevents them from retracting. However, 
when the deep fascia is divided, the veins are 
able to retract, and most of the oozing stops. 


Lymph Nodes. The external jugular lymph 
nodes are usually found as a cluster lying upon 
and near the external jugular vein as it ap- 
proaches the region of the parotid gland. They 
are superficial to the superficial layer of the 
deep cervical fascia and, when not diseased, 
are small or even absent. They receive lymph 
from the external ear in the parotid region 
and drain into the deep nodes which lie upon 
the carotid sheath beneath the sternocleido- 
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Fig. 134. The 4 superficial nerves of the neck. 
These are cutaneous nerves and all of them are 
related to the posterior border of the sternocleido- 
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mastoid muscle. Since they are on and not 
under the deep fascia, it is a safe and simple 
procedure to eradicate or incise them, but the 
position of the external jugular vein should 
be kept in mind. 


Nerves of Sternocleidomastoid Muscle 


Four superficial nerves associated with the 
posterior border of the sternocleidomastoid 
muscle; they supply the skin of this region 
(Fig. 134). They are derived from the anterior 
primary rami of the 2nd, the 3rd and the 4th 
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mastoid muscle. The inset shows the plan of the 
veins in this region. 


Anterior (Region) Triangle 


cervical nerves through the branches of the 
cervical plexus, which lies under cover of the 
muscle. 


Lesser Occipital Nerve. The lesser occipital 
nerve (2nd cervical) appears at the junction 
of the middle and the upper thirds of the pos- 
terior border of the sternocleidomastoid 
where it hooks around the accessory nerve; 
it passes upward and backward along the pos- 
terior border of that muscle to supply the skin 
over the lateral part of the occipital region. 


Great Auricular Nerve. The great auricular 
nerve (2nd and 3rd cervicals) appears at a 
slightly lower level, runs parallel with the ex- 
ternal jugular vein and enters the nuchal re- 
gion posterior to the ear; it supplies the skin 
over the angle of the jaw, the parotid gland, 
the postero-inferior half of the lateral and the 
medial aspects of the auricle, and the skin over 
the mastoid region. 


Transverse (Anterior Cutaneous) Nerve. The 
anterior cutaneous nerve (cutaneous colli, 2nd 
and 3rd cervicals) appears close to the great 
auricular nerve but runs transversely forward 
across the sternocleidomastoid and beneath 
the external jugular vein; it supplies the re- 
gion about the hyoid bone and the thyroid 
cartilage. 


Supraclavicular Nerve. The supraclavicular 
nerve (3rd and 4th cervicals) appears at a 
slightly lower level than the preceding ones. 
The anterior (medial) supraclavicular travels 
downward and medially across the lower part 
of the sternocleidomastoid; the middle (inter- 
mediate) runs across the clavicle, and the pos- 
terior (lateral) extends downward and laterally 
across the trapezius and the acromial end of 
the clavicle. 


Nerves of Digastric Muscle 


The last four cranial nerves, in their extracra- 
nial courses, are located in the region of the 
digastric muscle (Fig. 135). 


Vagus Nerve. The vagus (10th cranial) nerve 
leaves the skull through the jugular foramen 
and at its exit is closely related to the 9th, 
the llth and the 12th nerves; the internal 
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jugular vein lies posterior to it, and the inter- 
nal carotid artery is anterior. In the neck the 
vagus supplies the alimentary and the respira- 
tory tubes by means of its branches—the pha- 
ryngeal, the superior and the recurrent laryn- 
geal. 


Glossopharyngeal Nerve. The glossopharyn- 
geal nerve (9th cranial) leaves the skull 
through the jugular foramen with the vagus 
and the accessory, but in its own sheath of 
dura mater. It descends between the internal 
jugular and the internal carotid vessels to the 
lower border of the stylopharyngeus around 
which it winds and then passes forward be- 
tween the internal and the external carotid 
arteries. Its one motor branch supplies the 
stylopharyngeus muscle. 


Accessory Nerve. The accessory nerve (llth 
cranial) has a double origin: spinal and cranial. 
The spinal part arises from the upper 5 or 6 
segments of the spinal cord, and the cranial 
is accessory through the vagus. It makes an 
abbreviated appearance in the carotid trian- 
gle between the digastric and the sternoclei- 
domastoid muscles. As it enters the deep sur- 
face of the sternocleidomastoid about 2 inches 
below the tip of the mastoid process, it is sur- 
rounded by lymph glands and is accompanied 
by the sternocleidomastoid branch of the oc- 
cipital artery. It appears about the middle of 
the posterior border of the sternocleidomas- 
toid muscle and here again is surrounded by 
lymph glands. The accessory nerve supplies 
the sternocleidomastoid and the trapezius; its 
cervical branches are entirely sensory. 


Hypoglossal Nerve. The hypoglossal nerve 
(12th cranial) is the motor nerve of the tongue. 
It emerges from the skull through the anterior 
condylar (hypoglossal) canal in the occipital 
bone and is in close contact with the 9th, the 
10th and the 11th cranial nerves. It lies be- 
tween the internal jugular vein and the inter- 
nal carotid artery and, as it descends, is closely 
related to the vagus until it appears at the 
lower border of the posterior belly of the di- 
gastric. Here it turns forward and medially 
and crosses, in turn, the internal carotid, the 
occipital and the external carotid arteries and 
the loop of the lingual artery. As it crosses 
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Fig. 135. The last 4 cranial nerves in their extracranial courses. These nerves are closely related to 
the posterior belly of the digastric muscle. The formation of the ansa hypoglossi is also shown. 


the lingual artery, the hypoglossal nerve is 
crossed superficially by the common facial 
vein, passes deep to the posterior belly of the 
digastric and the submaxillary gland and en- 
ters the submandibular region where it is dis- 
tributed to the muscles of the tongue. As the 
nerve continues forward, it comes to lie super- 
ficial to the hyoglossus muscle which separates 
it from the lingual artery, then continues in 
an intermuscular cleft between the hyoglossus 
and the mylohyoid to the muscles of the 
tongue (Fig. 114 A). 


The ascending branch of the hypoglossal 
nerve leave its parent trunk where it bends 
forward to cross the carotid vessels. 

The descending branch continues down- 
ward on the surface of the internal and the 
common carotid arteries and is imbedded in 
the anterior wall of the carotid sheath. 

From its lateral side it is joined by the de- 
scending cervical nerve (2nd and 3rd cervi- 
cals) which arises from the cervical plexus, and 
the nerve loop so formed constitutes the ansa 
cervicalis (ansa hypoglossi). Branches from 


Surgical Considerations 


this ansa are distributed to the sternohyoid, 
the sternothyroid and both bellies of the 
omohyoid. The thyrohyoid receives its own 
nerve from the first cervical via the hypoglos- 
sal. 


Cervical Plexus 


This plexus should not be confused with the 
cervical sympathetic groups (Fig. 136). The 
plexus lies on the scalenus medius and 
the levator anguli scapulae under cover of 
the sternocleidomastoid muscle. It is formed 
by the upper 4 cervical nerves, all but the 
first of which divides into 2 parts. A branch 
from each nerve joins the superior cervical 
ganglion. These nerves are combined in irreg- 
ular series of loops under cover of the sterno- 
cleidomastoid. The roots of the plexus lie deep 
to the prevertebral fascia and are frequently 
injured in radical neck surgery. The terminal 
branches pierce the fascia and continue to the 
muscles which they supply and the nerves 
with which they connect. The superficial cuta- 
neous branches radiate from the plexus and 
appear in the supraclavicular region as they 
wind around the posterior margin of the ster- 
nocleidomastoid muscle. 


Phrenic Nerve. Of the muscular or deep 
branches, the phrenic is the most important. 
It is derived from the 4th cervical, but re- 
ceives additional fibers from the 3rd and the 
oth. It passes downward in the neck and lies 
deep to the prevertebral fascia, traveling on 
the anterior scalene muscle; it enters the tho- 
rax at the root of the neck on its way to the 
diaphragm. 


Superficial Branches of the Cervical Plexus. 
These branches, all cutaneous, are the trans- 
verse nerve of the neck, the lesser occipital, 
the great auricular and the descending supra- 
clavicular nerves (Fig. 134). The deep 
branches are muscular and divide into ante- 
rior and posterior branches. The anterior 
branch supplies the thyrohyoid, the genio- 
hyoid, the rectus capitus lateralis, the rectus 
capitis anterior, the longus capitis, the longus 
colli, the scalenus anterior and the inter- 
transversalis. The posterior branch supplies 
the sternocleidomastoid, the levator scapulae, 
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the trapezius and the scalenus medius mus- 
cles. Communicating branches also travel to 
the sympathetics and to the hyoglossal muscle. 


Cervical Sympathetic Group. This group 
(Fig. 136) consists of 3 ganglia with connecting 
branches which form a chain lying behind the 
carotid sheath and upon the prevertebral fas- 
cia. It extends from beneath the mastoid pro- 
cess to the Ist rib. The ganglia are known as 
the superior, the middle and the inferior and 
have been called, respectively, carotid, thy- 
roid and vertebral from their almost constant 
association with these arteries. 

The superior or carotid ganglion is the larg- 
est ganglion in the neck. It lies in front of 
the transverse processes of the 2nd and the 
3rd cervical vertebrae on the longus capitis 
and behind the carotid sheath. It is fusiform 
in shape and sends a branch downward to con- 
nect with the middle ganglion. 

The middle or thyroid ganglion is the 
smallest of the 3, and some authors state that 
it is inconstant or absent. This error may be 
due to the fact that the ganglion sometimes 
occupies a lower position, nearer the inferior 
ganglion of which it has been considered a 
part. It lies on a level with the 6th cervical 
vertebra in front of or behind the inferior thy- 
roid artery. 

The inferior or vertebral ganglion is next 
in size to the superior. It is found behind the 
vertebral artery, between the neck of the Ist 
rib and the transverse process of the 7th cervi- 
cal vertebra. At times it unites with the first 
thoracic sympathetic ganglion to form the 
stellate ganglion. Since it is beneath the verte- 
bral artery, just as the latter is given off from 
the subclavian, it makes surgical approach to 
the ganglion difficult. Some of the fibers that 
connect the middle with the inferior cervical 
ganglion descend in front of the subclavian 
artery and then upward behind it to form the 
so-called ansa subclavia. 


Surgical Considerations 


Phrenic Avulsion. The phrenic nerve is usu- 
ally described as originating from the 4th cer- 
vical; however, it has been found originating 
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Fig. 136. The cervical sympathetics. This group 
consists of 3 ganglia with their connecting 
branches. The ganglia are known as superior, mid- 
dle and inferior and have been called carotid, thy- 
roid and vertebral, respectively, from their almost 
constant association with these arteries. The inset 


from the lst, the 2nd, the 3rd, the 5th and 
the 6th cervicals and the lst dorsal nerves. 
Accessory phrenics are present at times, and 
for this reason the operation of avulsion is to 
be preferred. Fibers of the 5th cervical travel- 
ing with the nerve to the subclavius muscle 
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shows these relationships. The cervical plexus 
should not be confused with the cervical sympa- 
thetic group. The plexus is formed by the upper 
4 cervical nerves and lies on the scalenus medius 
muscle. 


are the most common varieties of accessory 
phrenics found. During avulsion the phrenico- 
pericardial vessels may be torn, producing an 
internal hemorrhage. 

An incision about 2 inches long is made, 
starting at the posterior border of the sterno- 
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cleidomastoid muscle and is placed about a 
fingerbreadth above the clavicle (Fig. 137 I 
A). If greater exposure is desired, a longitudi- 
nal incision about 3 to 4 inches long is placed 
along the posterior border of the sternocleido- 
mastoid muscle. The incision is deepened 
through the platysma where the superficial 
cervical nerve and the external jugular vein 
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Fig. 137 I. Phrenic avulsion. (A) the incision starts 
at the posterior border of the sternomastoid mus- 
cle, one fingerbreadth above the clavicle. (B) The 
deep cervical fascia is incised, and the subfascial 
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come into view; these may be divided or re- 
tracted. 

The posterior border of the sternocleido- 
mastoid is identified and cleansed, as is the 
belly of the omohyoid. The deep cervical fas- 
cia which forms a cover for the scalenus ante- 
rior is identified and incised, and the underly- 
ing adipose tissue is noted. This fat is an 
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fat, which is an important guide, is identified. The 
transverse cervical and suprascapular arteries 
clamp the phrenic nerve onto the scalenus anterior 
muscle. (C) The phrenic nerve is avulsed. 
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important guide, since the muscle is not im- 
mediately visualized when the cervical fascia 
has been severed. 

The subfascial fat is dissected free, and the 
scalenus anticus is exposed. As the muscle is 
cleared, the phrenic nerve appears toward its 
medial aspect as a thin, white cord running 
downward and slightly toward the midline. 

The transverse cervical and suprascapular 
arteries clamp the phrenic nerve down onto 
the scalenus anterior in this fatty tissue (Fig. 
137 I B). These vessels should be looked for 
and retracted, since they might cause annoy- 
ing hemorrhage and make exposure difficult 
(p. 183). Pinching the phrenic produces pain 
in the neck, the shoulder or the arm and dila- 
tion of the corresponding pupil. After proper 
identification, the nerve can be divided, re- 
sected, injected or avulsed by slowly winding 
the distal end on a hemostat (Fig. 137 I C). 
The thoracic duct should be protected while 
operating on the left phrenic nerve. 


Phrenic Nerve Injury from Vein Catheteriza- 
tion. We are in an era of total parenteral nu- 
trition. Numerous invasive techniques are be- 
ing used for these feedings as well as for 
monitoring shock patients. The phrenic nerve 
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may be injured during vein catheterization; 
it is particularly vulnerable in the 3 ap- 
proaches shown in Fig. 137 II. 


Stellate Ganglionectomy. This is particularly 
useful in dealing with amputation stump neu- 
ralgia, painful traumatic arthritis and causal- 
gia when these are associated with vasospasm 
which responds to diagnostic procaine injec- 
tions. It has also been utilized in angina pec- 
toris, bronchial asthma and hyperhidrosis. 
Many technics have been used in cervical 
sympathectomies and ganglionectomies, but 
the following is one of the most common 
methods employed. 

A transverse incision is made about a finger- 
breadth above the clavicle and is carried later- 
ally 2 inches from the sternal head of the ster- 
nocleidomastoid muscle (Fig. 138 A). The 
clavicular head of the muscle is divided, thus 
centering the incision over the vertebral ar- 
tery. The omohyoid, which travels obliquely 
across the field, is divided and the deep cervi- 
cal fascia exposed and incised. The carotid 
sheath is retracted anteriorly, and the phrenic 
nerve is located on the scalene anterior mus- 
cle; this, too, is retracted toward the midline 
(Fig. 138 B). The anterior scalene muscle is 
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Fig. 137 II. See text. 
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Fig. 138. Stellate ganglionectomy. (A) Transverse 
incision placed a fingerbreadth above the clavicle 
and continued laterally 2 inches from the sternal 
head of the sternocleidomastoid muscle. (B) The 
clavicular head of the sternocleidomastoid, the 
omohyoid and the deep cervical fascia have been 
divided, exposing the scalenus anticus muscle and 
the phrenic nerve. The subfascial fat is the impor- 
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tant landmark in this part of the dissection. (C) 
The scalenus anticus muscle has been divided, and 
the thyrocervical trunk ligated and severed. With 
downward retraction of the subclavian artery and 
the apex of the lung, the stellate ganglion becomes 
visible. (D) Anatomic relations in the root of the 
neck. 
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cut just above its insertion into the lst rib, 
which exposes the upper 3 thoracic ganglia 
and the proximal portion of the subclavian 
artery with its thyrocervical trunk and verte- 
bral branches. The thyroid axis is ligated and 
cut, and the subclavian artery is retracted 
downward. The stellate ganglion can now be 
visualized; it is adherent to the lateral surface 
of the 7th cervical and the Ist thoracic verte- 
brae. 

The thoracic duct should be protected 
when the operation is performed on the left 
side. Sibson’s fascia, which attaches the apex 
of the pleura to the posterior part of the Ist 
rib, is cut. The entire apical pole can then 
be freed by blunt dissection to about the level 
of the 3rd rib. This should permit visualization 
of the inferior cervical and the first thoracic 
ganglia (Fig. 138 C). 

It should be remembered that this may ap- 
pear as a double ganglion, which is shaped 
like a dumbbell with an isthmus, or may ap- 
pear as a single mass. Its lower part lies in 
front of and against the head of the Ist rib; 
its upper pole is connected with the lower 
trunk of the brachial plexus by fine rami which 
give it a star-shaped appearance, hence the 
name “stellate.’’ It is dissected free, and the 
nerve chain is followed down as far as 
the 3rd thoracic ganglion. The incision is 
closed in layers. 


Muscles 


Infrahyoid Muscle. The infrahyoid muscles 
have been referred to as the depressors of the 
larynx and also as the “strap” or “ribbon” mus- 
cles. The 4 muscles making up this group are 
the sternohyoid, the omohyoid, the sternothy- 
roid and the thyrohyoid. The first 2 lie side 
by side and cover the other 2 (Fig. 139 A). 
All are supplied by branches of the anterior 
rami of the lst, the 2nd and the 3rd cervical 
nerves by means of the hypoglossal nerve and 
the ansa cervicalis (hypoglossi), which ap- 
proach the muscles from the lateral side. The 
nerves pass between the superficial and the 
deep muscles and enter their opposed surfaces 
(Fig. 139 B). 


Sternohyoid Muscle. This muscle arises from 
the posterior surface of the manubrium sterni 
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and the adjoining part of the clavicle, contin- 
ues upward and medially and inserts into the 
medial part of the lower border of the body 
of the hyoid bone. At its origin it is separated 
from its fellow of the opposite side by an inter- 
val of 4 to 6 cm., but as they ascend they 
gradually converge so that at the point of in- 
sertion both muscles lie in contact with each 
other. The interval between the two muscles 
is filled by the pretracheal fascia. Contraction 
of this muscle depresses the hyoid bone. 


Omohyoid Muscle. The omohyoid muscle 
consists of an inferior belly, an intermediate 
tendon and a superior belly. It lies in the same 
plane as the sternohyoid. The inferior belly 
arises from the upper border of the scapula 
and the suprascapular ligament, crosses the 
posterior triangle of the neck and passes deep 
to the sternocleidomastoid and ends as the 
intermediate tendon. It lies on the surface of 
the carotid sheath and is bound to the clavicle 
by the deep cervical fascia which forms a fas- 
cial sling. Its tendon gives origin to the supe- 
rior belly which passes upward and medially 
superficial to the common carotid artery and 
along the lateral border of the sternohyoid. 
It becomes inserted into the lower border of 
the body of the hyoid bone. The omohyoid 
abruptly bends away from the sternohyoid be- 
low the level of the cricoid cartilage. Unlike 
the digastric, the 2 bellies of the omohyoid 
are supplied by the same nerve, since the infe- 
rior belly is a backward extension of the supe- 
rior. Its action depresses the hyoid bone and 
draws it backward and laterally. 

The 2 deeper muscles, thyrohyoid and ster- 
nothyroid, are divided into a muscle above 
and one below the oblique line of the thyroid 
cartilage where both attach (Fig. 139). 


Sternothyroid Muscle. This muscle is of con- 
siderable surgical importance. It is perhaps 
the most important surgical landmark in thy- 
roid surgery and, if identified properly, can 
aid in finding the correct cleavage plane. It 
must be emphasized that a distinct cleavage 
plane exists between the sternohyoid and the 
sternothyroid muscles, and very often the sur- 
geon believes that he has cut both muscles 
when in reality only the more superficial ster- 
nohyoid has been severed. If the thyroid gland 
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Fig. 139. The 4 infrahyoid muscles: (A) the 2 superficial muscles are seen on the right side and the 2 


deeper ones on the left; (B) the nerve supply. 


is enlarged, the sternothyroid becomes so thin 
that it is not clearly visualized. If this should 
occur, then the true capsular structures and 
the cleavage planes are lost, and the operation 
proceeds with great difficulty and much hem- 
orrhage. The muscle arises from the posterior 
aspect of the manubrium sterni, extends up- 
ward deep to the sternohyoid and covers the 
lobe of the thyroid gland. It is inserted into 
the oblique line on the lamina of the thyroid 
cartilage. The lower border converges on its 
fellow as it descends until their medial borders 
just meet at the center of the manubrium. 
Its contraction depresses the larynx. 


Thyrohyoid Muscle. This muscle is a short, 
quadrilateral structure which appears to be 


a continuation of the sternothyroid. It arises 
from the oblique line on the thyroid cartilage, 
passes upward and is inserted into the lower 
margin of the hyoid bone. The muscle is fairly 
thick, covers the thyrohyoid membrane and 
projects laterally to the omohyoid. It de- 
presses the hyoid bone, but when the bone 
is fixed by the suprahyoid muscles, it acts as 
an elevator of the larynx. 


Digastric Muscle. This muscle constitutes an- 
other important surgical landmark and guide 
in the upper part of the neck. Its name sug- 
gests that it has 2 bellies that are connected 
by a common tendon. 

The anterior belly runs forward, medially 
and upward from the common tendon to at- 
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tach to the lower border of the mandible near 
the midline. It is placed on the surface of the 
mylohyoid muscle and is partly overlapped 
by the submaxillary gland. 

The posterior belly arises from the mastoid 
part of the temporal bone and is covered by 
the mastoid process and the sternocleidomas- 
toid muscle, but as it passes downward, for- 
ward and medially it becomes visible. It 
crosses superficially to the internal jugular 
vein, the accessory, the vagus and the hypo- 
glossal nerves, the occipital, the internal and 
the external carotids and the facial (external 
maxillary) arteries. 

The common or so-called intermediate ten- 
don is attached to the body of the hyoid by 
a pulleylike band of fascia. This tendon perfo- 
rates the stylohyoid muscle, lies on the hyo- 
glossus muscle and is overlapped by the sub- 
maxillary gland. The latter is a good guide 
to the intermediate tendon, and the interme- 
diate tendon in turn is a good guide to the 
hyoglossus muscle. The nerve supply of the 
muscle is derived from two sources. The pos- 
terior belly is supplied by the facial nerve as 
it leaves the stylomastoid foramen, and the 
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anterior belly by the nerve to the mylohyoid 
from the trigeminal nerve. Therefore, the pos- 
terior belly receives its nerve supply from the 
7th cranial; and the anterior belly, from the 
5th cranial nerve. 


Vessels and Carotid Sheath 


The general investing layer of the deep cervi- 
cal fascia gives rise to 2 sheaths which origi- 
nate from the deep surface of the sternoclei- 
domastoid (Fig. 140). These 2 offshoots are the 
pretracheal and the prevertebral layers. Be- 
tween them and near their origin are found 
the common carotid artery, the internal jugu- 
lar vein and the vagus nerve. The fascia imme- 
diately surrounding these structures, the pre- 
tracheal in front and the prevertebral behind, 
forms the carotid sheath, which extends from 
the base of the skull to the root of the neck. 
The sympathetic trunk is imbedded in its pos- 
terior wall, the descendens hypoglossi in the 
anterior wall, and the descendens cervicalis, 
the cervical branches of the vagus and the 
internal jugular vein pierce it. Although the 
structures are surrounded by this tubelike fas- 
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Fig. 140. The carotid sheath. This is formed by the pretracheal fascia in front and the prevertebral 
fascia behind; both fasciae originate from the general investing layer of deep cervical fascia. 
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cia, they also are imbedded in fibrous tissue 
that is derived from it so that each structure 
has its own coat. The vein is external to the 
artery and almost entirely covers it. The 
sheath is applied to the side of the cervical 
viscera, namely, the esophagus, the pharynx 
and the thyroid gland. 
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Fig. 141. The carotid arteries. The internal carotid 
is more posterolateral than internal, and as it as- 
cends it lies medial to the external carotid. The 
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Carotid Arteries. The common carotid artery 
(Fig. 141) arises differently on the 2 sides: the 
right arises as a terminal branch of the innomi- 
nate behind the sternoclavicular joint; the left 
originates in the thorax from the arch of the 
aorta, passes upward and to the left and enters 
the neck behind the left sternoclavicular joint. 
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external carotid has 8 branches, 5 of which are be- 
low and 3 above the digastric muscle. 
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This is the largest artery in the neck; and as 
it passes from behind the sternoclavicular 
joint, it runs upward and backward under 
cover of the anterior border of the sternoclei- 
domastoid muscle in the direction of the man- 
dible. When it reaches the level of the upper 
border of the thyroid cartilage it forms a dila- 
tion known as the carotid bulb and then di- 
vides into its 2 terminal branches: the internal 
and the external carotid arteries. 

The glomus caroticum carotid body and the 
carotid sinus are 2 sensory structures which 
are frequently confused; they are associated 
with the region of the carotid bifurcation (Fig. 
142). The glomus caroticum carotid body is 
a small flattened structure measuring about 
2.5 by 6 mm. It is usually found on the poster- 
omedial side of the common carotid artery 
where it is held firmly in place by connective 
tissue. It contains numerous nerves and nerve 
endings and at one time was regarded as part 
of the chromaffin system. It does not secrete 
epinephrine, and its cells do not have a chro- 
maffin reaction. Its nerve supply is not via the 
sympathetic system. The carotid body repre- 
sents a specialized sensory organ (vascular 
chemoreceptor) which responds to chemical 
changes in the blood and thereby affects car- 
diovascular output and respiration. Hypoxia 
and anoxia stimulate this body, resulting in 
an increase in blood pressure, cardiac rate and 
respiratory movements. On occasion, tumors 
arise in the carotid body, which have been 
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Fig. 142. The carotid sinus, the carotid body, and 
their relationships to the glossopharyngeal nerve. 
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referred to as “glomus” tumors. This is a mis- 
nomer, since it is not a tumor of arteriovenous 
origin. The removal of carotid body tumors 
may be extremely difficult and associated with 
morbidity and/or mortality. 

The carotid sinus is usually located at the 
base of the internal carotid artery and is com- 
posed of numerous and complicated sensory 
nerve endings. In contrast with the carotid 
body (chemoreceptor), the carotid sinus is a 
pressoreceptor. Its nerve endings are stimu- 
lated by pressure as by the pressure of blood 
itself. Stimulation of this sinus causes a reduc- 
tion of blood pressure and a slowing of the 
heart rate. At times this sinus becomes unduly 
sensitive to pressure so that a mere turning 
of the head may drop the blood pressure, slow 
the heart and produce loss of consciousness. 
Denervation of the sinus may abolish this so- 
called carotid sinus syndrome. 

The nerve to both the carotid body and 
the carotid sinus is the carotid sinus branch 
of the glossopharyngeal nerve (Hering); it 
arises from the glossopharyngeal nerve. Some 
authorities are of the opinion that this nerve 
supply may be connected with the vagus, the 
hypoglossal or the superior cervical ganglion. 

Throughout the course of the common ca- 
rotid artery it is imbedded with the internal 
jugular vein and the vagus nerve, in the con- 
nective tissue that constitutes the carotid 
sheath. The vein lies on the lateral side of the 
artery and when full of blood overlaps it ante- 
riorly. The vagus nerve lies posteriorly be- 
tween the artery and the vein. 

Usually the only branches of the common 
carotid are its terminal ones, but occasionally, 
when its bifurcation is at a higher level, the 
ascending pharyngeal or the superior thyroid 
may arise from it. 

Anteriorly, in addition to the superficial 
structures, this artery is covered by the ante- 
rior border of the sternocleidomastoid muscle. 
Between the muscle and the artery in the 
lower part of the neck the following structures 
intervene: the superior belly of the omohyoid, 
the sternohyoid and the sternothyroid mus- 
cles. In the upper part of its course the de- 
scending ramus of the hypoglossus and the 
ansa cervicalis (hypoglossi) are imbedded in 
the anterior wall of the sheath, and the com- 
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mon facial vein usually crosses the artery at 
its termination. 

Posteriorly, the artery is related to the ante- 
rior tubercles of the transverse processes of 
the lower 4 cervical vertebrae and the mus- 
cles that attach here, namely, the scalenus an- 
terior and the longus capitis. It is separated 
from these structures by the prevertebral fas- 
cia and the sympathetic trunk. In the lower 
part of the neck it lies in front of the vertebral 
artery as it ascends to the foramen and the 
transverse process of the 6th cervical vertebra 
and in front of the inferior thyroid artery, 
which arches medially to the thyroid gland. 
On the left side the thoracic duct crosses be- 
hind the vessel and below the inferior thyroid 
artery. 

Medially, it is related to the inferior con- 
strictor muscle of the pharynx and the thyroid 
gland. The lobe of the thyroid either lies me- 
dial to the artery separating it from the 
esophagus, the pharynx, the trachea and the 
larynx or forms a direct anterior relation. 

Laterally, it is related to the internal jugular 
vein and the vagus nerve. 

The internal carotid artery is the larger of 
the 2 terminal branches of the common ca- 
rotid. It is distributed to the brain and to the 
eye and its appendages. From its origin at the 
upper border of the thyroid cartilage it passes 
to the carotid canal of the temporal bone. It 
turns forward in the cavernous sinus, perfo- 
rates the dura mater on the inner side of the 
anterior clinoid process and divides into the 
anterior and the middle cerebral arteries. Be- 
low the posterior belly of the digastric the ar- 
tery is overlapped by the anterior border of 
the sternocleidomastoid and the more superfi- 
cial structures; the hypoglossal nerve, the oc- 
cipital artery and the common facial vein are 
interposed between it and the muscle. Above, 
the artery ascends under cover of the poste- 
rior border of the digastric and the stylohyoid 
and is crossed by the posterior auricular ar- 
tery. It passes beneath the styloid process and 
the stylopharyngeus muscle. These 2 struc- 
tures are placed between the artery and the 
parotid gland in which the external carotid 
artery and the posterior facial vein are imbed- 
ded. The internal carotid has no branches in 
the neck. It may be difficult to distinguish be- 
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tween the internal and the external carotid 
arteries. Even in a well-planned operation for 
ligation, one has been mistaken for the other; 
hence, the following points should be noted: 
the internal carotid furnishes no branches in 
the neck, but the external has 3 anterior 
branches; the vessel is not really internal but 
at its origin is posterolateral to the external 
vessel; as it ascends it passes to the medial 
side of the external carotid toward the lateral 
wall of the pharynx. 

The external carotid artery is the smaller 
of the 2 terminal branches of the common 
carotid and extends from the upper part of 
the thyroid cartilage to the neck of the man- 
dible where it divides into its 2 terminal 
branches—the superficial temporal and the 
maxillary (internal) arteries. This carotid has 
been called “external,” not because of its loca- 
tion, which is really internal and superficial 
to the internal carotid, but because of the fact 
that it is distributed to parts outside of the 
skull. Near the angle of the jaw it is crossed 
by the posterior belly of the digastric and the 
stylohyoid muscles. Above this it is at first deep 
to and then enclosed by the substance of the 
parotid gland where it terminates opposite 
the neck of the mandible by dividing into its 
2 terminal branches. In its short course before 
entering the substance of the parotid, it is ap- 
plied to the inferior and the middle constric- 
tor muscles. The vessel has 8 branches: 5 be- 
low the digastric muscle and 3 above it (Fig. 
141). 

The 5 branches below the digastric muscle 
are: 

l. The superior thyroid artery, which arises 
from the anterior aspect of the external ca- 
rotid near its origin. It passes downward and 
forward under cover of the omohyoid, the 
sternohyoid and the sternothyroid muscles, 
parallel with but superficial to the external 
laryngeal nerve. It reaches the upper pole of 
the thyroid gland to which it is distributed. 
Its branches are the infrahyoid, the superior 
laryngeal, the sternocleidomastoid, the crico- 
thyroid, the isthmic, the glandular and the 
muscular. 

2. The lingual artery arises opposite the 
greater cornu of the hyoid bone, makes an 
upward loop, disappears under cover of the 
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hyoglossus muscle and enters the subman- 
dibular (submaxillary) region (p. 156). The 
loop of this artery is crossed superficially by 
the hypoglossal nerve. 

3. The facial (external maxillary) artery 
arises near the angle of the mandible, is di- 
rected upward and forward on the superior 
constrictor muscle, beneath the digastric; it 
continues in a groove on the deep surface of 
the submandibular gland to the body of the 
mandible and ascends to the face, anterior to 
the masseter muscle (p. 119). 

4. The ascending pharyngeal artery arises 
from the deep aspect of the external carotid 
close to its origin and continues upward, me- 
dial to the internal carotid on the side wall 
of the pharynx. It is usually small and supplies 
the pharynx, the soft palate and the meninges. 
5. The occipital artery arises from the poste- 
rior aspect of the external carotid opposite 
the facial and continues upward and back- 
ward deep to the posterior belly of the digas- 
tric. It is crossed by the transverse part of the 
hypoglossal nerve at its origin, follows the pos- 
terior belly of the digastric and is in contact 
with the skull medial to the mastoid notch, 
lying deep to the process in the muscles that 
attach to it. It anastomoses with the deep cer- 
vical branch from the costocervical trunk and 
thus forms a link between the subclavian and 
the carotid systems. 

The branches of the external carotid artery 
above the digastric muscle are 3 in number. 
The posterior auricular artery generally arises 
at or above the upper border of the muscle 
and in the parotid region. It becomes superfi- 
cial as it crosses the base of the mastoid process 
and ascends behind the auricle. It supplies the 
area of the auricle on the back of the scalp. 
The 2 terminal branches of the carotid, the 
superficial temporal and the “internal” max- 
illary, have been discussed elsewhere (p. 118). 

The superficial relations of the external ca- 
rotid artery are: in the carotid triangle the 
vessel is covered by skin, superficial fascia, pla- 
tysma, branches of the anterior cutaneous 
nerve of the neck, the cervical branch of the 
facial nerve and the deep fascia. Beneath the 
deep fascia, the artery is crossed by the com- 
mon facial and lingual veins and the hypoglos- 
sal nerve. At the upper part of the triangle 
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the anterior branch of the posterior facial vein 
crosses the artery. After leaving the carotid 
triangle, the vessel is partially covered by the 
angle of the mandible and is crossed by the 
posterior belly of the diagastric and the stylo- 
hyoid muscles. Within the substance of the 
parotid gland the posterior facial vein is super- 
ficial to the artery, and both of these vessels 
are crossed in turn by branches of the facial 
nerve. In its entire course the vessel is accom- 
panied by numerous sympathetic ganglia 
which constitute the external carotid plexus. 

Collateral anastomoses between the inter- 
nal and the external carotids are usually ade- 
quate to maintain circulation after ligation of 
either of the vessels. Many anastomotic con- 
nections exist between the arteries of the 
ophthalmic region of the internal carotid and 
the facial region of the external. Communica- 
tions exist between the external carotid artery 
and the thyrocervical trunk through the supe- 
rior thyroid branch of the former and the infe- 
rior thyroid branch of the latter. A communi- 
cation between the vertebral and the internal 
carotid arteries via the posterior communicat- 
ing artery of the circulus arteriosus (Willis) is 
also present. Other communications between 
the lingual, the facial, the occipital, the poste- 
rior auricular and the ascending pharyngeal 
arteries connect the external carotids of the 
2 sides. The internal carotid arteries commu- 
nicate across the base of the brain by the ante- 
rior Communication artery and with the basi- 
lar trunk. When the common carotid is 
ligated, circulation is not interfered with ana- 
tomically or clinically unless the anastomotic 
paths are disturbed by vascular degenerative 
changes due to age or other pathologic pro- 
cesses. 


External and Internal Jugular Veins. (Figs. 
143 and 144) The external jugular vein varies 
in size. It is formed below the lobule of the 
ear by the union of the posterior auricular 
vein with a branch of the posterior facial. It 
begins at the lower part of the parotid gland, 
runs almost vertically downward, crosses the 
sternocleidomastoid muscle obliquely, and in 
the angle between the clavicle and the poste- 
rior border of that muscle pierces the deep 
cervical fascia to which it is firmly bound; it 
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Fig. 143. Lateral view of the veins of the neck: 
(A) the platysma has been reflected to show the 
external jugular vein, and the sternocleidomastoid 


then joins the subclavian vein. It lies upon 
the superficial layer of deep cervical fascia, 
beneath the platysma muscle, and at times 
may be absent or very small. It is so closely 
associated with the platysma that when the 
latter is reflected, the vein remains attached 
to it. If one external jugular is large the other 
is small; and if both are large, then the internal 
jugulars are correspondingly small. The exter- 
nal communicates with the internal jugular 
via a branch which turns around the anterior 
border of the sternocleidomastoid. At times, 
it receives a posterior jugular vein from the 
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has been cut to show the internal jugular; (B) tribu- 
taries of the internal jugular vein. 


back of the neck. At its termination the exter- 
nal jugular is joined by the transverse cervical, 
the suprascapular and the anterior jugular 
veins. 

The internal jugular vein begins at the 
jugular foramen about % inch below the base 
of the skull, as a continuation of the sigmoid 
(transverse) sinus. It passes downward and for- 
ward through the neck and ends behind the 
upper border of the sternal end of the clavicle 
where it meets the subclavian and forms the 
brachiocephalic (innominate) vein. It is di- 
lated markedly at its origin, forming the supe- 
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Fig. 144. The anterior, the external and the internal jugular veins. The sternocleidomastoid muscle 


has been cut and reflected on the left side. 


rior bulb that lies in the jugular foramen and 
the fossa. This bulb is larger on the right side 
because the superior sagittal sinus usually 
turns to the right. The inferior bulb is a dila- 
tion of the vein below a bicuspid valve which 
is situated about % inch above the clavicle. 
The junction of the internal jugular and the 
subclavian veins is separated from the lower 
part of the sternoclavicular joint by the 2 in- 
frahyoid muscles. 

The tributaries (Fig. 143 B) of the veins in 
this region are: 
1. The inferior petrosal sinus, which helps to 


drain the cavernous sinus and leaves the skull 
through the anterior part of the jugular fora- 
men to join the upper end of the internal jugu- 
lar. 

2. The pharyngeal veins from the plexus on 
the side of the pharynx pass either superfi- 
cially or deeply to the internal carotid artery 
and join the internal jugular vein in the upper 
part of the neck. 

3. The common facial vein is the largest and 
most important tributary of the internal jugu- 
lar. It is formed by the union of the anterior 
and the posterior facial (retromandibular) 
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veins and continues downward and backward 
just above the level of the upper border of 
the thyroid cartilage. It passes superficially to 
the hypoglossal nerve as that structure crosses 
the loop of the lingual artery. At times it re- 
ceives the thyroid and the lingual veins and 
then is referred to as the “thyrolingual facial 
trunk.” 

4. The lingual vein, when it does not form 
a tributary of the common facial, enters the 
internal jugular opposite the greater cornu of 
the hyoid bone. 

5. The superior thyroid vein ascends from the 
upper pole of the thyroid gland in company 
with the corresponding artery. At the pole 
there are numerous small tributaries of this 
vein which form a trunk at a higher level. It 
crosses superficially to the common carotid 
artery and joins either the common facial or 
the internal jugular vein. 

6. The middle thyroid vein passes laterally 
and deeply to the infrahyoid muscles. It 
crosses superficially to the common carotid 
artery and ends in the internal jugular at the 
level of the cricoid cartilage. 

The internal jugular vein is enclosed in the 
carotid sheath. Its uppermost part lies behind 
the internal carotid artery and posterolateral 
to the last 4 cranial nerves. As the vein de- 
scends, it lies laterally to the common carotid 
and overlaps it; hence, in exposing the artery 
its sheath should be opened toward the inner 
side to avoid injuring the vein. 

Superficial Relations of the Internal Jugular 
Vein. These relations are the most compli- 
cated and the most important surgically. 
Throughout the greater part of its course the 
internal jugular lies under the sternocleido- 
mastoid muscle, but in its extreme upper por- 
tion it is deep to the parotid gland. 

Inferiorly, the infrahyoid muscles are situa- 
ted between the vessel and the sternocleido- 
mastoid. In its upper part it is separated from 
the parotid gland by the styloid process, the 
stylopharyngeus and the stylohyoid muscles 
and the posterior belly of the digastric. In this 
region it is crossed superficially by 2 arteries 
and a nerve (posterior auricular and occipital 
arteries and accessory nerve). At a lower level 
it is crossed by the sternocleidomastoid branch 
of the occipital artery. After leaving the pa- 
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rotid and the digastric at the upper angle of 
the carotid triangle, it disappears under the 
sternocleidomastoid but is separated from the 
muscle by many structures, namely, numer- 
ous lymph glands along its entire course, the 
descendens cervicalis nerve at the level of the 
thyroid cartilage, the sternocleidomastoid 
branch of the superior thyroid artery, the in- 
termediate tendon of the omohyoid at about 
the level of the cricoid cartilage and, lastly, 
the sternohyoid and the sternothyroid mus- 
cles. 

Medially, the vein is related to the vagus 
nerve and the common carotid artery below, 
and to the 9th, the 10th, the llth and the 
12th cranial nerves and the internal carotid 
artery above. 

Posteriorly, as the vein descends, it crosses 
the transverse process of the atlas and lies lat- 
eral to the tips of the lower transverse pro- 
cesses. In succession, it rests on the levator 
scapulae, the scalenus medius and the scalenus 
anterior muscles and is separated from them 
by the carotid sheath and the prevertebral 
fascia. The latter-named fascia is situated be- 
tween the vein and the loops of the cervical 
plexus above and the phrenic nerve below. 
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Ligations of Carotid Arteries and Internal 
Jugular Vein. The indications for ligation of 
the common carotid artery (Fig. 145) are 
wounds of the carotid artery or its branches, 
aneurysms, angiomas, inoperable tumors of 
the face, the neck and the skull, hemorrhage 
from distal branches and at times hydrocepha- 
lus and epilepsy. Ligation of the common ca- 
rotid artery can be dangerous, especially in 
elderly people, since it may be followed by 
diplopia, blindness, convulsions, coma, hemi- 
plegia or death. The point of election is above 
the omohyoid muscle; however, ligation be- 
low may be necessary in injuries of the artery. 
Collateral circulation takes place by means of 
the communications between the carotids of 
the 2 sides, both inside and outside the skull, 
and by the enlargement of branches of the 
subclavian artery. The chief communications 
outside the skull are the superior thyroid 
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Fig. 145. Ligation of the common carotid artery: (A) ligation above the omohyoid muscle; this is the 


site of choice; (B) ligation below the omohyoid muscle. 
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above with the inferior thyroid below, and 
the descending branch of the occiptal above 
with the deep cervical and the ascending 
branch of the transverse cervical below. 
Within the skull the vertebral artery compen- 
sates for the carotid. 

In ligation above the omohyoid, the head 
is rotated toward the opposite side, and at the 
anterior border of the sternocleidomastoid 
muscle a 3-inch incision is made, the center 
of which is placed at the level of the cricoid 
cartilage. Superficial vessels are ligated; if nec- 
essary, the anterior and the external jugular 
veins are tied and divided. The deep fascia 
is severed; the sternocleidomastoid is re- 
tracted in an outward direction. The omo- 
hyoid muscle is exposed, and the carotid tu- 
bercle is felt where it lies in the angle between 
the sternocleidomastoid and the omohyoid. 
Pulsations of the artery can be felt in this an- 
gle. The jugular vein lies to the lateral side 
of the artery and overlaps it; the superior thy- 
roid, the lingual and the facial veins may cross 
the artery at its upper end, and it may be 
necessary to ligate them. Some authorities be- 
lieve that the internal jugular vein should also 
be ligated. The descending branch of the hy- 
poglossal nerve may be identified on the ante- 
rior aspect of the carotid sheath and it is ex- 
posed and displaced medially. If the omohyoid 
muscle interferes with exposure or ligation, 
it may be severed or retracted in a downward 
direction. The sheath is opened to the inner 
side, and the artery is exposed. A ligature 
should be passed from without inward, keep- 
ing close to the artery, especially in back, so 
that the vagus nerve is not included in the 
ligature. 

Ligation below the omohyoid is much more 
difficult and is done only in case of necessity. 
The skin incision is longer and is usually ex- 
tended to the jugular notch. If the sternoclei- 
domastoid protrudes, it may be detached in 
the region of its sternal or clavicular head after 
severing the superficial layer of deep cervical 
fascia. The ribbon muscles that cover the thy- 
roid gland are exposed, and the lateral margin 
of the sternothyroid is retracted medially with 
the thyroid and the trachea which lie behind 
it. The middle layer of deep cervical fascia, 
forming a sheath for the omohyoid muscle, 
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is incised along the inferior margin of the mus- 
cle; this space reveals a few thyroid veins 
which usually require ligation. The inferior 
thyroid artery, passing beneath the carotid 
sheath, can usually be spared. The internal 
jugular vein is retracted laterally, the artery 
is freed, and a ligature is passed around it. 
If one hugs the artery, the recurrent laryngeal 
nerve can be avoided. 

Ligation of the external carotid artery (Fig. 
146) is indicated for wounds, aneurysms, as 
a palliative measure for malignant growths, 
and as a preliminary step to operations in the 
field supplied by its branches. After ligation 
below the digastric muscle, the collateral cir- 
culation is brought about by the inferior with 
the superior thyroid arteries, the deep cervi- 
cal from the costocervical with the occipital, 
the transverse cervical with the occipital, 
branches of the 2 vertebrals, and branches of 
the 2 internal carotids through the circle of 
Willis. 

The usual site of ligation is between the su- 
perior thyroid and the lingual trunks, but it 
may be performed proximally to the superior 
thyroid. Since the latter vessel may arise from 
the common carotid, it is wise to expose the 
origin of both carotids. A skin incision is made, 
extending for about 3 inches from the angle 
of the jaw to the upper border of the thyroid 
cartilage, in front of the anterior border of 
the sternocleidomastoid muscle. Skin, pla- 
tysma and superficial fascia are divided, expos- 
ing the anterior border of the sternocleido- 
mastoid. Since the common facial and lingual 
veins often cross the operative field, they are 
sought, ligated and divided. The superficial 
layer of deep cervical fascia is incised to mobi- 
lize the sternocleidomastoid muscle which is 
drawn backward. The carotid sheath is ex- 
posed and opened. In the connective tissue 
of the sheath the descending branch of the 
hypoglossal nerve is seen and is displaced me- 
dially, and the internal jugular vein is re- 
tracted laterally. Between them the bifurca- 
tion of the common carotid artery can usually 
be seen. Since the first part of the external 
carotid lies medial to the internal, the 2 vessels 
may be mistaken unless it is remembered that 
the external carotid is the only vessel that 
gives off branches. After the latter is exposed, 
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Fig. 146. Ligation of the external carotid artery; the usual site is between the superior thyroid and 


the lingual arteries. 


it is ligated on a level with the greater cornu 
of the hyoid bone. It is best to pass the liga- 
tures from the internal carotid side and to 
guard against including the descending hypo- 
glossal nerve as well as the superior laryngeal 
nerve. The wound is closed in layers. 
Ligation of the internal carotid artery has 
been done for wounds, aneurysms or pulsating 
exophthalmus due to an arteriovenous aneu- 
rysm between the artery and the cavernous 
sinus. Collateral circulation takes place 
through the circle of Willis. The internal ca- 
rotid, running to the base of the occiput with- 
out giving off any lateral branches, can be ex- 
posed in its lower part in the same manner 
described for the external carotid artery (p. 
197). However, if it must be ligated near the 
base of the skull, the operation is a most exten- 
sive one, since exposure must take place above 
the posterior belly of the digastric, and here 
the vessel lies very deep. The internal carotid 


artery is identified near the bifurcation of the 
common carotid and then traced upward. The 
digastric muscle is retracted upward, and the 
external carotid inward. The ligature is passed 
from without inward, avoiding the internal 
jugular vein, the vagus nerve and the sympa- 
thetic trunk. Some authorities advise primary 
placement of a ligature around the common 
carotid to be used only in case of absolute 
necessity. 

Ligation of the internal jugular vein has 
been resorted to in such conditions as trans- 
verse sinus thrombosis to prevent extension 
of infection into the general circulation. In 
its lower portion the vein is found quite easily, 
but identification becomes more difficult as 
it travels cephalad, since its tributaries be- 
come more numerous. The ligation of one or 
both jugular veins has been carried out with- 
out any appreciable difficulty. The vein may 
be found readily by incising along the anterior 


Surgical Considerations 


border of the sternocleidomastoid muscle; it 
is the most superficial structure in the carotid 
sheath. 

Obstructing lesions in vessels supplying the 
brain may be associated with episodes of syn- 
cope and/or transient neurologic symptoms. 
Corrective or palliative procedures are now 
available to correct such difficulties associated 
with major or with “little” strokes. When ob- 
struction of the internal carotid artery has 
been demonstrated, a bypass graft may be in- 
dicated (Fig. 147 A). Another method of cor- 
recting these problems is removal of the ob- 
structing agent (thromboendarterectomy) and 
widening of the vessel lumen by inserting an 
elliptical patch (Fig. 147 B). 

Occlusive diseases of the vertebrobasilar 
system can cause a variety of symptoms de- 
pending on the artery or arteries involved, 
the degree of involvment and the available 
collateral circulation. 

The subclavian steal syndrome occurs 
when there is a reversal of flow in the ipsi- 
lateral vertebral artery distal to a stenosis or 
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occlusion of the proximal subclavian artery 
(Fig. 148). Because of the lowering of pressure 
in the subclavian artery distal to the obstruc- 
tion, the blood on the unaffected side flows 
up the vertebral artery and into the basilar 
artery; then, on the affected side, it flows into 
the basilar artery and down the vertebral ar- 
tery to supply collateral circulation to the sub- 
clavian artery. Hence, the blood supply is pre- 
sumably “stolen” from the basilar artery 
(brain), which theoretically may lead to neuro- 
logical symptoms. A number of surgical proce- 
dures have been recommended for the cor- 
rection of this syndrome. They range in 
complexity from simple ligation of the verte- 
bral artery on the affected side to aortosub- 
clavian artery bypasses. The operation most 
frequently employed is the common carotid- 
to-subclavian artery bypass performed 
through a cervical incision. (Fig. 149). For this 
procedure the incision is placed at the base 
of the neck and deepened to the sternocleido- 
mastoid muscle, the clavicular portion of 
which is divided to expose the phrenic nerve 


Fig. 147. Obstruction of the internal carotid artery. (A) A bypass graft has been placed. (B) Removal 
of the offending clot and widening of the vessel by an elliptical patch. 
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Fig. 148. See text. 


and the anterior scalene muscle. The phrenic 
nerve is retracted and the anterior scalene 
muscle is divided; this exposes the fascia over- 
lying the subclavian artery. The common ca- 
rotid artery, which lies beneath the sternoclei- 
domastoid muscle and posteromedial to the 
jugular vein, is exposed through the same inci- 
sion. A graft (autogenous saphenous vein, etc.) 
is sutured end-to-side to the common carotid 
artery. The vein graft is then sutured end-to- 
side to the subclavian artery. An internal 
shunt may be used to preserve blood flow in 
the carotid artery during the anastomosis. The 
shunt is removed just before completion of 
the operation. 

Based on information gained from modern 
angeographic and scanning techniques, it is 
possible to do reconstructive surgical proce- 
dures in the vertebral and/or carotid arteries. 
When this is not possible, microanastomosis 
between the occipital artery and the postero- 
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inferior cerebellar artery may prove benefi- 
cial. 


Thyroid Gland 


Embryology. At the junction of the posterior 
third with the anterior two thirds of the 
tongue (Fig. 150), the foramen caecum is 
noted as a small depression. From this site 
at an early stage of fetal life, a solid column 
of cells grows downward, becomes canalized 
and forms the thyroglossal duct, from which 
the thyroid gland is formed. The duct passes 
down exactly in the midline between the gen- 
ioglossi muscles as far as the upper border of 
the thyroid cartilage, where it turns to one 
or the other side of the midline. From this 
point on its course is represented by the pyra- 
midal lobe. The question whether the thyro- 
glossal duct passes in front of, through, or be- 
hind the body of the hyoid bone seems to have 
been answered by Frazer who has shown that 
it is placed in front of the bone and then takes 
a recurrent course up behind the hyoid before 
continuing downward. For this reason many 
advocate removal of the midportion of the 
hyoid to make certain that the entire tract 
is eliminated. If the duct remains open after 
birth, thyroglossal cysts develop either above 
the thyroid cartilage where they are usually 
centrally placed, or below the cartilage where 
they are usually found to the left of the mid- 
line. Since the thyroglossal duct never opens 
onto the surface of the neck at any stage of 
its development, congenital thyroglossal fis- 
tula is impossible. However, fistulae do occur 
as a result of bursting or opening of a thyro- 
glossal cyst onto the surface. Accessory thyroid 
glands may occur anywhere along the line of 
the duct and are sometimes found at the back 
of the tongue (lingual thyroids). 


Thyroid Gland Proper (Fig. 151). The adult 
thyroid is a ductless gland. It is a highly vascu- 
lar, solid organ related to the pretracheal fas- 
cia, that binds it to the larynx and causes it 
to rise and fall during the act of swallowing. 
It possesses its own true fibrous capsule, which 
is continuous with the stroma of the gland. 
The thyroid consists of a pair of lateral lobes 
which are joined across the median line by 
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Fig. 149. See text. 


the isthmus. Each lateral lobe extends from 
the middle of the thyroid cartilage to the 6th 
tracheal ring, is pyramidal in shape with its 
apex upward and measures 2 inches in length, 
1% in width and % inch in thickness. These 
measurements are greatly altered by patho- 
logic conditions. The lobe is related medially 
to the thyroid and the cricoid cartilages, the 
cricothyroid and the inferior constrictor mus- 
cles, the trachea, the esophagus and the exter- 
nal and the recurrent laryngeal nerves. Some 
describe the medial surface as being related 
to 2 tubes (esophagus and trachea), 2 nerves 
(recurrent and external laryngeal) and 2 mus- 
cles (inferior constrictor and cricothyroid) 
(Fig. 151 C). The lobe is related posteriorly 
to the common carotid and the inferior thy- 
roid arteries and the longus cervicis muscle. 
Superficially, it is covered by the sternohyoid, 
the omohyoid and the sternothyroid and is 
overlapped by the sternocleidomastoid mus- 
cle. 

The isthmus, which occasionally is absent, 
is a bar of thyroid tissue, varying in width and 


lying under cover of the skin and the fascia 
in the median line of the neck. It is situated 
on the 2nd, the 3rd and the 4th tracheal rings 
and is nearer the lower than the upper pole. 
A triangular projection, or pyramidal (mid- 
dle) lobe, extends upward usually from the 
left side of the upper border of the isthmus 
and is connected to the hyoid bone by a fibro- 
muscular slip called the levator glandulae thy- 
roidae. 


Arteries. The arteries of the thyroid gland are 
2 pairs, the superior and the inferior thyroids, 
and sometimes a single artery, the thyroidea 
ima (Figs. 151 and 152). 

The superior thyroid artery is the first 
branch of the external carotid; it supplies in- 
frahyoid, laryngeal and sternocleidomastoid 
branches in the carotid triangle. It passes 
down under cover of the “strap” muscles and 
at the superior pole of the thyroid gland trifur- 
cates into an anterior branch that supplies the 
front of the gland, a posterior that goes behind 
and an isthmic (arcuate) branch that joins its 
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Fig. 150. Embryology of the thyroid gland: (A) course of the thyroglossal duct, (B) lateral view of the 
thyroglossal duct and possible locations of accessory thyroid glands. 


fellow of the opposite side along the upper 
border of the isthmus. The superior laryngeal 
nerve is situated only a little higher than the 
superior thyroid artery and, if the vessel is 
grasped too high, the nerve may be included 
in the ligature. 

The inferior thyroid artery is a branch of 
the thyrocervical trunk which arises from the 
first part of the subclavian. Although the supe- 
rior vessel enters the superior pole, the infe- 
rior thyroid does not enter at the inferior pole 
of the gland. It travels upward along the me- 
dial border of the scalenus anterior muscle 
as far as the level of the 6th cervical vertebra 
and turns medially behind the vagus nerve 
and the common carotid artery. It passes in 
front of the vertebral vessels and, continuing 
downward, reaches the posterior border of 
the gland to which it is finally distributed. To 
do this it makes a hairpin turn, the summit 


of which varies considerably as to its level. 
It also supplies the larynx, the pharynx, the 
trachea, the esophagus and the surrounding 
muscles. As the artery reaches the thyroid it 
is crossed either in front or behind by the re- 
current laryngeal nerve. A large branch of the 
vessel ascends along the posterior border of 
the gland to anastomose with a descending 
branch from the superior thyroid artery. 

The thyroidea ima is a branch from the in- 
nominate or the aortic arch. It varies in size 
from a tiny arteriole to a vessel as large as 
the inferior thyroid, which it may replace. It 
passes upward over the anterior surface of the 
trachea, under cover of the thymus, and 
reaches the inferior border of the isthmus. Its 
presence should be kept in mind when per- 
forming a low tracheostomy and during thy- 
roid surgery. 

The accessory thyroid arteries are small ves- 
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Fig. 151. The thyroid gland. (A) The gland has 
been presented as a transparent structure to show 
the relations of the vessels and nerves. The path 
of the inferior thyroid artery can be folowed. (B) 
Cross section through the isthmus of the thyroid 
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gland. (C) The thyroid gland viewed from the left 
side. The gland is in relation to 2 nerves (recurrent 
and external laryngeal), 2 tubes (esophagus and tra- 
chea) and 2 muscles (inferior constrictor and crico- 
thyroid). 
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Fig. 152. The vessels of the thyroid gland: (A) the 
isthmus has been cut and the lower part of the 
left lobe removed to show the relationships of 
the superior and the inferior thyroid arteries and 


sels supplying the esophagus, the trachea and 
the thyroid gland. The 4 major thyroid arte- 
ries may be ligated, but the blood supply to 
the gland remains surprisingly good because 
of these accessory vessels. 


Veins. The veins of the thyroid form a rich 
plexus situated in front of the gland. As they 


the recurrent laryngeal nerve; (B) the lymph drain- 
age of the thyroid gland; (C) the veins of the thy- 
roid. 


leave the gland, they form 3 main trunks in 
the form of superior, middle and inferior thy- 
roid veins. 

The superior thyroid vein is the only venous 
trunk that accompanies the artery of the same 
name. It leaves the upper part of the gland, 
taking as its guide the outer border of the 
omohyoid muscle, crosses the common carotid 
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artery and ends in the internal jugular vein. 

The middle thyroid vein has no accompa- 
nying artery. It leaves the gland about its mid- 
portion, follows the inner border of the omo- 
hyoid, crosses the common carotid artery and 
ends in the internal jugular vein. 

The inferior thyroid veins commence at the 
lower pole of the gland and at the lower bor- 
der of the isthmus; they pass downward in 
front of the trachea and may be connected 
by several transverse branches and end in the 
left innominate vein. 


Nerves. Two nerves are related to the thyroid 
gland: the superior and the recurrent (infe- 
rior) laryngeal. Both are branches of the vagus 
nerve (Fig. 153). 

The superior laryngeal nerve arises from 
the inferior ganglion (nodosum), passes down- 
ward and medially and crosses behind the in- 
ternal carotid artery. It divides into the inter- 
nal and the external laryngeal nerves. 

The internal branch of the laryngeal nerve, 
the larger of the two branches, is accompanied 
by the superior laryngeal branch of the supe- 
rior thyroid artery and with it pierces the thy- 
rohyoid membrane at the posterior border of 
the thyrohyoid muscle. It is purely sensory 
and supplies fibers to the floor of the piriform 
fossa and the mucous membrane of the larynx 
above the vocal cord. 

The external branch of the laryngeal nerve 
accompanies the superior thyroid artery but 
is placed on a deeper plane. It passes deeply 
to the upper pole of the thyroid gland and 
is distributed to the cricothyroid and the infe- 
rior constrictor muscles. During ligation of the 
superior thyroid vessels, the external laryn- 
geal nerve (nerve to the cricothyroid) is in 
danger. It may be included in the ligature, 
and such inclusion would cause a weakness 
or huskiness of the voice. However, this condi- 
tion is temporary and becomes normal within 
a few months. 

The recurrent (inferior) laryngeal nerve is 
a structure of vital importance in thyroid sur- 
gery. Considerable variations in its position 
may take place so that the nerve may pene- 
trate and traverse the gland proper, may be 
behind the gland, or may remain in the tra- 
cheo-esophageal groove (Fig. 154). During 
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thyroid surgery, when the gland is dislocated 
forward and medially, the nerve usually hugs 
the side of the trachea. Then it is located not 
in the tracheoesophageal groove but on the 
posterolateral aspect of the trachea. It always 
passes posterior to the joint that exists be- 
tween the inferior cornu of the thyroid and 
the cricoid. This cartilaginous prominence 
formed by the joint is a valuable guide to the 
nerve. On the right side the recurrent leaves 
the vagus nerve as it crosses the first part of 
the subclavian artery, turns upward and medi- 
ally behind that artery and the common ca- 
rotid and travels in the groove between the 
trachea and the esophagus. It ascends in this 
groove to the lobe of the thyroid gland and 
crosses or is crossed by the inferior thyroid 
artery. Upon reaching the lower border of the 
inferior constrictor muscle it passes deeply to 
it so as to gain access to the muscles of the 
larynx. It supplies the muscles that act on the 
vocal folds but also supplies sensory branches 
to the mucous membrane of the larynx below 
these folds. Therefore, it is both sensory and 
motor. On the left side, the nerve arises within 
the thorax after turning around the arch of 
the aorta and then ascends in the neck in the 
tracheoesophageal groove. 

To aid in the exposure of the recurrent la- 
ryngeal nerve, M. M. Simon has constructed 
an anatomic triangle which can be identified 
readily (Fig. 155). It is bounded by the recur- 
rent laryngeal nerve anteriorly, the common 
carotid artery posteriorly, and the inferior thy- 
roid artery forms its base. The triangle is de- 
pendent on the variations and the anomalies 
that may take place. The recurrent laryngeal 
nerve supplies all the intrinsic muscles of the 
larynx with the exception of the cricothyroid. 

Chiu-an Wang has emphasized the advan- 
tages of using the inferior cornu of the thyroid 
cartilage rather than the inferior thyroid ar- 
tery as a guide to the recurrent laryngeal 
nerve. As shown in Fig. 154, there are anomo- 
lies and varieties of the nerve and the inferior 
thyroid artery. Pathologic masses of the thy- 
roid or parathyroid glands may distort the 
anatomy and thereby make the use of the tri- 
angle described an inaccurate guide. Since the 
recurrent laryngeal nerve is small and deli- 
cate, it must be protected from rough surgery, 
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Fig. 153. The nerve supply of the thyroid gland: 
(A) the thyroid isthmus has been cut to show the 
course of the recurrent laryngeal nerve; (B) the 


stretching, undue sponging and instrumenta- 
tion. Fig. 155 shows the relationship of the 
nerve to the inferior cornu. 

There is a voluminous and confusing litera- 
ture concerning the innervation of the larynx. 
Some of this confusion resulted from the dift- 
culty of interpreting the various positions of 
a paralyzed vocal cord. To add to the confu- 
sion, acompletely paralyzed or cadaveric cord 
may resume normal function, and a presum- 
ably incompletely paralyzed vocal cord would 
remain unchanged—in a position of adduction 
with good tension—for decades. The variety 












Neck: Anterolateral Region of the Neck 


Vagus n. 
! Suplaryn.n.^ 
jint. br laryn.n. 


4 






















Ext. br laryn.n.. 
(rnotor) ' 





Thyro- 
hyoid m. 


 Arcuate 
brancn 


Vagus n. 


Inferior 
recurrent) 
laryn.n, 


_. Arch 
aorta 


ha Int.jugularv. 
Pe Vagus n. 
` Common 
carotid a. 


Sternothyroid m. 


nerves are shown on the left, and the arteries on 
the right. 


of responses and positions has been clarified 
and explained by the works of King and 
Gregg, who directed attention to the ana- 
tomic reasons for these various positions. They 
state that some recurrent laryngeal nerves di- 
vide into two trunks extralaryngeally, thus 
supplying fibers to the abductor and the ad- 
ductor muscles, respectively. On the basis of 
these findings one can assume that if a para- 
lyzed vocal cord is observed in the midline 
with good tension, the recurrent nerve is di- 
vided extralaryngeally, and the posterior divi- 
sion, which supplied the abductor muscle, has 
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Fig. 154. Possible locations of the recurrent laryn- 
geal nerve: (A) behind the inferior thyroid artery; 
(B) in front of the inferior thyroid artery; (C) high 
origin, this accounts for the inability to find the 


been injured. The abductor group of muscles, 
thus being unopposed, have pulled the vocal 
cord to the midline. In such a patient there 
would be no dyspnea, and the speaking voice 
would be normal. If a vocal cord is completely 
paralyzed (cadaveric) and is in an intermedi- 
ate position between abduction and adduc- 
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Fig. 155. Simon’s triangle. This aids in the identifi- 
cation of the recurrent laryngeal nerve. It is 
bounded anteriorly by the recurrent nerve, posteri- 
orly by the common carotid artery, and the inferior 


nerve during thyroidectomy; (D) origin around the 
inferior thyroid artery; (E) extralaryngeal division. 
In some instances the nerve may pass between the 
branches of the artery. 


tion, then it must be assumed that the entire 
laryngeal nerve has been injured. In such a 
patient there would be marked hoarseness 
and an absence of dyspnea. The effects of such 
an injury could be compensated if the oppo- 
site normal cord is capable of crossing the mid- 
line. Therefore, it is important to notice on 
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thyroid artery forms its base. The inferior horn of 
the thyroid cartilage also makes an excellent guide 
to the nerve. 
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Fig. 156. Transverse sections through the larynx 
(vocal cord level): (A) normal glottic space; (B) early 
bilateral abductor paralysis, the patient can breathe 
but the voice is impaired; (C) late bilateral abductor 


examination of the larynx whether or not a 
vocal cord fails to move and also to determine 
its position and tension. 

If both recurrent nerves are cut (bilateral 
abductor paralysis) the vocal cords become lax 
and cannot be tensed (Fig. 156 B). This results 
in immediate impairment of voice but rarely 
causes difficulty in breathing. It is interesting 
to note that within 3 to 5 months the voice 
begins to return. This is due to a fibrosis and 
shrinking of the vocal cords which were previ- 
ously lax (Fig. 156 C). A few weeks later, the 
fibrotic process results in fixation of the vocal 
cords as they approach each other. The fi- 
brotic contraction causes the cords to ap- 
proach the midline, narrowing the glottic 
space to a thin slit. As a result of this, dyspnea 
begins to make its appearance, especially on 
exertion, resulting in a marked limitation of 
physical effort. Postoperatively, it is difficult 
to evaluate the degree and extent of injury 
to the nerve. Furthermore, consideration 
must be given to the state of the unaffected 
muscles as well as the possibility that vocal 
cords, which function normally immediately 
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paralysis, voice improves but dyspnea and inspira- 
tory laryngeal stridor appear; (D) anatomic rela- 
tions. 


following thyroid surgery, may become com- 
pletely paralysed within days or weeks for rea- 
sons unknown. 

The sympathetic nerve supply to the thy- 
roid gland is derived from the sympathetic 
ganglia. The fibers from the middle and the 
inferior cervical ganglia reach the gland as 
nervous networks along the superior and the 
inferior thyroid arteries. 


Lymph Drainage. The thyroid gland is 
drained by 2 sets of lymph vessels, the ascend- 
ing and the descending, each consisting of me- 
dial and lateral groups. The medial group of 
the ascending vessels leaves the upper border 
of the isthmus and passes to the lymph glands 
situated on the cricothyroid membrane; they 
are known as the prelaryngeal glands. The 
lateral ascending vessels leave the upper part 
of the gland and accompany the superior thy- 
roid artery to the deep cervical chain that is 
situated at the bifurcation of the common ca- 
rotid. The medial descending vessels pass to 
the glands on the trachea, the pretracheal 
glands. The lateral descending vessels pass 
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from the deep surface of the thyroid to small 
glands placed about the recurrent laryngeal 
nerve. 
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Ligations of Thyroid Vessels 


Ligation of the Superior Thyroid Artery. This 
can be accomplished either at the trunk or 
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at the poles. Polar ligation is the method of 
choice, since it gets most of the arterial and 
venous branches and because the superior lar- 
yngeal nerve is in less danger of inclusion. 
For polar ligation a transverse incision is made 
in the skin, preferably in a skin crease in the 
region of the thyroid or cricoid cartilage (Fig. 
157 A). Beginning at the medial border of the 
sternocleidomastoid muscle and extending 
mesialward for about 2 inches, the incision 
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Fig. 157. Ligations of the superior and the inferior 
thyroid arteries: (A) incisions, (B) ligation of the su- 
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thyroid artery, (D) transverse section, showing the 
ligation of the inferior thyroid artery. 
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is carried through the superficial layer of deep 
cervical fascia; the omohyoid muscle is identi- 
fied, retracted medially, and the sternocleido- 
mastoid laterally. Deeper dissection will bring 
the upper pole of the thyroid into view (Fig. 
157 B). The superior thyroid artery trifurcates, 
and there are usually 2 veins for each artery; 
hence, there may be as many as 9 small vessels 
at each superior pole. The pole is used as a 
guide, and this is followed cephalad until the 
vessels are visualized clearly. The superior lar- 
yngeal nerve is usually situated above the 
point of ligation. 


Ligation of the Inferior Thyroid Artery. The 
most common approach is along the medial 
border of the sternocleidomastoid, but it has 
been approached along the lateral border. For 
the mesial approach, an incision is made along 
the anterior border of the sternocleidomastoid 
muscle (Fig. 157 A). Transverse incisions pro- 
duce less scarring. The incision is made 
through the superficial layer of deep cervical 
fascia, and the sternocleidomastoid muscle is 
retracted laterally. Dissection is continued in 
the interval between the carotid sheath and 
the thyroid gland (Fig. 157 C,D). The middle 
thyroid vein is severed before the proper 
cleavage plane is found, and the recurrent la- 
ryngeal nerve must be avoided. Isolation and 
ligation of this vessel as it is done in routine 
thyroidectomies is described in detail else- 
where (p. 209). 


Thyroidectomy 


Subtotal Thyroidectomy. This operation 
(Figs. 158 and 159) is performed frequently, 
and since technical errors might result in di- 


Fig. 158. Subtotal thyroidectomy. (A) The incision 
is placed in a transverse skin crease. (B) The invest- 
ing layer of deep cervical fascia is opened along 
the anterior border of the sternocleidomastoid 
muscle. (C) Division of the sternohyoid and the 
omohyoid muscles on the right. The same is done 
on the left side. These muscles should be severed 
high so that their nerve supply (ansa cervicalis) is 
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saster, any anatomic points that make for a 
safer operation should be stressed. The inci- 
sion should be so placed that the average 
string of beads will cover the scar. No fixed 
point can be mentioned, since necks vary in 
their length, but generally these incisions 
should be 1 or 2 fingerbreadths above the ster- 
nal notch and extending from one sternoclei- 
domastoid to the other (Fig. 158 A). This is 
deepened until the subplatysmal cleavage 
plane is reached. 

Having found this avascular plan, the upper 
flap, consisting of skin, subcutaneous fat and 
platysma, is grasped and dissected upward, 
well above the level of the notch of the thyroid 
cartilage. This exposes the superficial layer of 
deep cervical fascia and the anterior jugular 
veins. The anterior borders of the sternoclei- 
domastoid muscles are now identified; the in- 
vesting layer of deep cervical fascia is incised 
here (Fig. 158 B). In this way the prethyroid 
muscles are separated from the sternocleido- 
mastoid which is mobilized. The latter is re- 
tracted outward, and adequate exposure of 
the prethyroid muscles is obtained. 

A vertical incision is made in the midline 
between the two prethyroid muscle bundles 
and is extended from the thyroid notch to the 
level of the sternal notch. The sternohyoid 
and the omohyoid are clamped and divided 
high, thus protecting their nerve supply (Fig. 
158 C). It is an error to state that the prethy- 
roid muscles have been severed, since the un- 
derlying sternothyroid usually remains intact 
after this step. 

A distinct cleavage plane exists between the 
sternohyoid and the sternothyroid. The ster- 
nohyoid and the omohyoid, having been in- 
cised, are dissected both upward and down- 


not injured. (D) The sternohyoid and the omohyoid 
muscles have been dissected upward and down- 
ward. The sternothyroid on the right side has been 
severed. (E) Isolation and division of the middle 
thyroid vein; this permits entrance into the poste- 
rior thyroid space. (F) Ligation of the superior thy- 
roid vessels. 
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Fig. 158. 
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ward. The sternothyroid muscle is severed 
transversely, exposing the thyroid gland (Fig. 
158 D). 

The last maneuver opens the so-called “sur- 
gical capsule” (p. 211). The gland is grasped 
by forceps, rotated medially, and the internal 
jugular vein in the carotid sheath is retracted 
laterally. This maneuver places the thin pre- 
tracheal fascia, on the stretch, where it at- 
taches to the thyroid gland, and in this tissue 
the middle thyroid vein is sought. It is severed 
and ligated, and the posterior thyroid space 
is entered (Fig. 158 E). This permits medial 
dislocation of the gland. 

With medial traction on the thyroid, and 
lateral traction on the carotid sheath, dissec- 
tion takes place in the proper cleavage plane. 
The upper pole is identified, as is the entrance 
of the superior thyroid vessels. These are dou- 
bly ligated, off the pole, and severed (Fig. 158 
F). Careful separation of the pretracheal layer 
of pretracheal fascia will reveal the recurrent 
laryngeal nerve and the inferior thryoid ar- 
tery (Fig. 159 G). If deemed necessary, the 
artery is ligated. A ring of forceps is placed 
around the right thyroid lobe which includes 
the isthmus; each forceps grasps thyroid tissue 
proper. The lobe, the isthmus, and the pyrami- 
dal lobe are removed above this protective 
ring (Fig. 159 H,I J). The clamped thyroid tis- 
sue is ligated, and the thyroid that remains 
is approximated to itself or sutured to the pre- 
tracheal fascia (Fig. 159 K). The left lobe is 
removed in similar fashion. The severed mus- 
cles are resutured; and the skin, the superficial 
fascia and the platysma are approximated as 
one layer (Fig. 159 L). 


Total Thyroidectomy. This operation is usu- 
ally done for carcinoma of the thyroid. On 
the involved side the sternocleidomastoid 


Fig. 159. Subtotal thyroidectomy. (G) Identifica- 
tion of the recurrent laryngeal nerve and ligation 
of the inferior thyroid artery. (H) Rings of forceps 
placed into the right lobe. Each hemostat bites into 
thyroid tissue proper and in this way protects the 
recurrent laryngeal nerve and the parathyroid 
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muscle, the internal jugular vein, the thyroid 


vessels and all demonstrable lymphatics are 
included in the dissection and are removed 
en bloc. Included in this dissection are the 
prethyroid muscles. 


Thyroglossal Duct. This duct originates at an 
early stage in fetal life as a depression in the 
midline of the posterior third of the tongue 
which is known as the foramen caecum. From 
it a solid cord of cells grows downward which 
becomes canalized to form the duct that 
passes downward in the midline of the neck 
between the genioglossi muscles (Fig. 150). 
It extends as far as the upper border of the 
thyroid cartilage and then turns to either side 
of the midline. This part of its course is repre- 
sented after birth by the pyramidal lobe of 
the thyroid gland and a musculofibrous band 
connecting that lobe to the hyoid bone. Frazer 
seems to have settled the question as to 
whether the duct runs in front of, behind or 
through the hyoid bone. His works demon- 
strate that the duct passes in front of the body 
of the hyoid and then curves up behind the 
bone before again continuing downward. 
Therefore, it is important to remove this sec- 
tion of the hyoid bone when removing a pat- 
ent duct. After passing the thyroid cartilage, 
the thyroglossal duct expands to form the thy- 
roid gland. 

If the duct remains patent, a thyroglossal 
cyst develops. Such a cyst is found usually 
above the thyroid cartilage and in the midline. 
Hamilton Bailey has stated that if these cysts 
develop below the thyroid cartilage, they nat- 
urally follow the course of the duct and appear 
to one or the other side of the midline, usually 
to the left. Normally, the thyroglossal duct 
does not open onto the surface of the skin 
of the neck. Therefore, a congenital thyroglos- 


glands. (I) Removal of the right lobe, the isthmus 
and the pyramidal lobe. (J) Protective ring of for- 
ceps in place; each hemostat is replaced by a liga- 
ture. (K) Approximation of the thyroid remnant. 
(L) Closure. 
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Fig. 160. Removal of a thyroglossal duct: (A) course the mouth and pressing on the tongue makes the 
of a patent thyroglossal duct and cyst; (B) incision; deeper part of the duct more accessible; (F) dissec- 
(C) dissection to the hyoid bone; (D) cutting the tion completed. 

hyoid bone; (E) an assistant’s finger placed in 
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sal fistula is not possible, and if a fistula does 
develop it must be secondary and brought 
about by a bursting of or an opening into a 
thyroglossal cyst. 

Since the thyroid gland develops from the 
thyroglossal duct, an accessory or misplaced 
thyroid may develop anywhere along the line 
of the duct. The lingual thyroids are some- 
times found at the back of the tongue in the 
region of the foramen caecum. The term “ec- 
topic thyroid” means thyroid tissue found in 
an incorrect position, thus differing from the 
accessory thyroid (Fig. 150 B). 

If a thyroglossal duct swelling appears above 
the hyoid bone, it is necessary only to split 
the mylohyoid muscle along its raphe, sepa- 
rate the geniohyoid muscle and remove the 
tumors. However, if these cysts or tumors ap- 
pear subhyoid, the dissection must be more 
radical and include removal of a portion of 
the hyoid bone. 

Thyroglossal cysts, fistulae and sinuses must 
be removed radically to accomplish a cure 
(Fig. 160). The cyst is exposed by a transverse 
incision that is carried down to the sterno- 
hyoid muscles. These are divided vertically 
in the midline, and the cyst is dissected free 
to the level of the hyoid bone. To expose the 
sinus completely, a small portion of hyoid 
bone must be removed in the midline. An as- 
sistant’s finger placed in the patient’s mouth 
and passed over the back of the tongue ena- 
bles him to push the foramen caecum and any 
remaining portion of the sinus tract within 
reach of the operator. Since the duct is small 
and cannot be seen clearly, it is best to dissect 
some of the surrounding tissue with it. There- 
fore, in the removal it is necessary to include 
some small portion of the mylohyoid, the geni- 
ohyoid and the genioglossus muscles. Deep 
structures are sutured; divided edges of the 
hyoid bone are approximated; the wound is 
closed with or without drainage. 


Parathyroid Glands 


The parathyroid glands (Fig. 161) are yellow- 
ish-brown bodies, the number and the position 
of which are variable. A superior and an infe- 
rior parathyroid are usually present on each 
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side, occupying any position from the back 
of the pharynx to the superior mediastinum. 
They are about the size of a small pea and 
usually lie between the posterior aspect of the 
lateral lobe of the thyroid and the pretracheal 
lamina of pretracheal fascia. The parathyroids 
lie entirely or partially within the substance 
of the thyroid gland, this being particularly 
true of the superior, which are then easily re- 
moved in thyroidectomy. 

The anatomy of the inferior parathyroids 
is more complex than that of the superior, 
and the inferior lie in intimate relationship 
to the inferior thyroid arteries and veins. 
Their position is variable. Walton has de- 
scribed three rather typical positions of the 
parathyroids in relation to their surrounding 
fascial plane: (1) the gland lies below the infe- 
rior thyroid artery and is then anterior to the 
pretracheal fascia; (2) the gland lies above the 
artery and is then frequenly situated deep to 
the pretracheal fascia and visible only upon 
incising the fascia; (3) the parathyroids may 
be in the substance of the thyroid gland 
proper. 

If a tumor develops in a parathyroid in the 
first-described position, it may pass between 
the two capsules of the thyroid, along the infe- 
rior thyroid veins, in front of the common ca- 
rotid artery and finally come to lie behind the 
sternum. If such a tumor is situated behind 
the pretracheal fascia, it cannot be seen until 
the fascia is incised and an inspection made 
even around the circumference of the esopha- 
gus. It may even pass into the thorax behind 
the esophagus. The superior and the inferior 
parathyroid glands receive their blood supply 
from the corresponding thyroid vessels. 


Thymus Gland 


Embryologically. The thymus (Fig. 162) ap- 
pears as 2 entodermal diverticula which arise 
one on either side of the 3rd branchial pouch. 
A ventral diverticulum of the 4th pouch may 
take part in the formation of the gland or en- 
tirely disappear. As the 2 diverticula grow 
they meet and become joined by connective 
tissue, but there is never any real fusion of 
thynius tissue proper. Actually, therefore, 
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Fig. 161. The parathyroid glands. (A) Posterior 
view; in position one, the inferior parathyroid is 
below the inferior thyroid artery, but in position 
two, it is above the artery. The superior parathyroid 


there are 2 asymmetric thymus glands—a 
right and a left—which are easily separated 
by blunt dissection. 

The adult thymus gland is a temporary or- 
gan that is “sandwiched” between the ster- 
num and the great vessels in the region of 
the superior mediastinum. It is essentially an 
organ of the growing period of life which un- 
dergoes gradual atrophy after puberty. From 
birth to puberty it grows relatively slowly; 
there are tremendous individual variations at 
any given age. At birth it ranges in weight 
from 2 to 17 g., the average being 13 g.; at 
puberty its average weight is about 37 g., but 
cases have been reported in which it has 
scarcely been recognizable at this age. In the 
young adult the average weight is usually re- 
duced to about 25 g. The thymus gland is lo- 


Pretrache:z 
Fascia 


in this instance is intraglandular. (B) Cross section. 
In position one, the gland is anterior to the pretra- 
cheal fascia; in position two, it is posterior to this 
fascia; and in position three, it is intraglandular. 


cated partly in the neck and partly in the me- 
diastinum, and it is roughly pyramidal in 
shape with its apex directed upward; in the 
infant this apex may be in actual contact with 
the thyroid gland. It is soft in consistency, and 
its shape varies with its size and the age of 
the individual. In infants with short thoraces 
it is broad and squat, but in adults with long 
thoraces it is drawn out into 2 irregular flat- 
tened bands. It is of pinkish-gray color and 
has a lobulated surface. 

Anteriorly, the thymus gland is related to 
the sternum and the lower end of the sterno- 
thyroid muscles. In the young child, its lateral 
margins may be insinuated between the 
pleura and the upper costal cartilages. 

Posteriorly, it is related from below upward 
to the pericardium, the ascending aorta, the 
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Fig. 162. The thymus gland: (A) enlarged thymus gland extending in front of the pericardium; (B) 


development of the thymus. 


left brachiocephalic (innominate) vein, the 
trachea and the inferior thyroid veins. It is 
surrounded by a fibrous capsule that separates 
it from these structures. It is connected to the 
thyroid by a strand of tissue called the thyro- 
thymic ligament. 


Arteries. The arterial supply of the thymus 
is received through inconstant branches de- 
rived chiefly from the internal mammary ar- 
tery or its branches. 


Veins. These vessels are irregular and drain 
mainly into the internal thoracic (mammary) 
or the left innominate. 


Lymphatics. The gland has a profuse lym- 
phatic drainage, and certain of the lymphatics 
open directly into veins without first travers- 
ing lymph nodes. 

Occasionally, the thymus retains its infantile 
size in the adult and for some unknown reason 
does not atrophy. In such cases there is a large 
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quantity of lymphoid tissue through the body, 
and the condition is then known as status lym- 
phaticus. 


Cervical Portion of the Esophagus 


The entire esophagus (Fig. 163) is about 10 
inches long and extends from the end of the 
pharynx through the lower part of the neck 
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and through the superior and the posterior 
mediastinum. It pierces the diaphragm and 
enters the stomach opposite the 9th thoracic 
spine about 1 inch to the left of the midline. 

The cervical esophagus is a direct continua- 
tion of the pharynx. It commences opposite 
the inferior margin of the cricoid cartilage at 
the level of the body of the 6th cervical verte- 
bra. An excellent landmark which locates this 
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Fig. 163. The cervical part of the esophagus begins 
opposite the inferior margin of the cricoid cartilage 
at the level of the body of the 6th cervical vertebra. 
(Inset) Cross section at the level of the first thoracic 


vertebra. The trachea does not cover the esophagus 
completely but leaves a part of its left anterior mar- 
gin exposed; this makes surgical access easier from 
this side. 


Surgical Considerations 


point is the carotid tubercle (Fig. 794). The 
trachea does not cover the esophagus com- 
pletely but leaves a portion of its left anterior 
margin exposed, making surgical access easier 
on this side. As the esophagus descends from 
the level of the 6th cervical vertebra, it lies 
in front of the vertebral column and overlaps 
both longus cervicis (colli) muscles. At the in- 
let of the thorax the left common carotid is 
anterior to its left border; the thoracic duct, 
the left subclavian artery and the pleura are 
situated on its left side. Higher up the com- 
mon carotid is also on its left side, and both 
are overlapped by the thyroid gland. At times 
the posterior part of the lateral thyroid lobe 
may enlarge and insinuate itself upon the an- 
terior surface of the esophagus causing diff- 
culty in swallowing. 

The esophagus and the pharynx are loosely 
attached to the prevertebral fascia and in this 
way form the retropharyngeal and the retroe- 
sophageal spaces. Abscesses in these spaces 
are hindered from extending laterally and 
thus take the path of least resistance, which 
is downward the mediastinum. Because of its 
loose connection with the prevertebral fascia 
and because of its elasticity, this portion of 
the esophagus can be displaced upward and 
laterally for a considerable distance. 

When the esophagus is empty, it is flattened 
anteroposteriorly, and its lumen appears only 
as a slit, but when distended it becomes irreg- 
ularly cylindrical and presents its typical con- 
striction points, the first and narrowest of 
which is at its commencement. 


Surgical Considerations 


Esophageal Diverticulum 


Shallow and Lahey have done extensive work 
in this field, and the former has reported a 
series of cases in which a one-stage diverticu- 
lectomy has been accomplished with excellent 
results (Fig. 164). A longitudinal incision is 
made along the anterior border of the sterno- 
cleidomastoid muscle and is carried through 
the skin, the superficial fascia and the superf- 
cial layer of deep cervical fascia. The sterno- 
cleidomastoid is retracted backward until the 
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omohyoid muscle is demonstrated; this is se- 
vered at the point where it disappears be- 
neath the sternocleidomastoid. With the 
omohyoid retracted, the thyroid gland is sepa- 
rated from the internal jugular vein and the 
common carotid artery. Then the thyroid 
gland is pulled toward the midline, and the 
inferior thyroid artery is exposed. This often 
crosses over the diverticulum or gets in the 
way of its dissection; hence, it is best to ligate 
and sever it. 

Since a diverticulum is a herniation of mu- 
cous membrane through muscle fibers, it 
should be remembered that there are 2 weak 
points in the musculature of the posterior as- 
pect of the pharynx and the esophagus; these 
2 points are at the level of the lower fibers 
of the inferior constrictor, and where the cri- 
copharyngeal muscle diverges from the low- 
est fibers of the inferior constrictor. These are 
the 2 locations where diverticula are most 
commonly found; however, the approach is 
usually through the left side of the neck be- 
cause the esophagus passes to the left of the 
vertebral bodies. 

Shallow has made successful use of the 
esophagoscope to isolate and aid in the dissec- 
tion of the diverticulum which is closely 
bound to the longitudinally running esopha- 
gus by the enveloping fibers of the cricopha- 
ryngeal muscles. These are separated at the 
lowest angle of the sac, the fundus is grasped 
with blunt forceps, and traction is made. 

The remaining fibers of the cricopharyngei 
enveloping the diverticulum are cut. When 
the neck of the sac is reached, the fibers of 
the inferior constrictor are seen along the 
lower border of the neck; these must be se- 
vered to mobilize it completely. The neck of 
the sac is transfixed and ligated, and the sac 
is removed. This ligation should take place 
close to the pharynx. The cricopharyngeus 
and the inferior constrictor should be closed 
over the ligated and invaginated sac to pre- 
vent a recurrence of the hernia. 


Submaxillary (Digastric) Triangle 


The submaxillary, or digastric, triangle (Figs. 
165 and 166) is bounded by the anterior and 
the posterior bellies of the digastric and the 
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Fig. 164. Esophageal diverticulectomy (one stage). laterally. The inferior thyroid artery is exposed, li- 
(A) A longitudinal incision is made along the ante- gated and severed as it crosses the diverticulum. 
rior border of the sternocleidomastoid muscle. (B) (C) Fibers of the inferior constrictor muscle are 
The omohyoid muscle is severed, and the thyroid severed, and the sac is mobilized. (D) The sac is 
gland is retracted medially: the sternocleidomas- ligated close to the pharynx. (E) Closure is effected 


toid muscle and the carotid sheath are retracted in layers. 
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Fig. 165. The submandibular (digastric) triangle. 
(A) The superficial layer of deep cervical fascia has 
been removed, exposing the floor and the contents 
of the triangle. The submaxillary gland, which over- 


inferior border of the mandible. The roof is 
fascial, being formed by the investing (superf- 
cial) layer of deep cervical fascia as it passes 
between the mandible and the hyoid bone. 
Three muscles make up the floor: the mylo- 
hyoid, the hyoglossus and the middle constric- 
tor muscle of the pharynx. These muscles con- 
stitute important surgical landmarks and can 
be identified by the direction of their fibers 
and the fact that they lie on successively 
deeper planes. 

The fibers of the mylohyoid muscle arise 
from the mylohyoid line of the mandible, run 
downward and medially and insert into a me- 
dian raphe which extends from the chin to 
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flows the triangle, also has been removed. (B) Co- 
ronal section, showing the superficial layer of deep 
cervical fascia investing the submaxillary gland. 


the hyoid bone. With its fellow of the opposite 
side it forms a diaphragm oris. 

The free oblique posterior fibers reach the 
hyoid bone and overlap the hyoglossus mus- 
cle, whose fibers arise from the hyoid, pass 
directly upward to the lateral surface of the 
tongue where they attach and interdigitate 
with the styloglossus (Fig. 166 C). 

The posterior fibers form a free margin 
which overlaps the middle constrictor muscle 
of the pharynx. The fibers of the latter origi- 
nate from the cornu of the hyoid bone and 
are directed horizontally and backward to the 
median raphe (Fig. 170). 

During dissection of this triangle, the fol- 








222 
cS i 
bN 
Stylohyoid lig , 
B YAI 
Hyoid 
bor | 


Middle cons trictor rm 
(from within) 


VÀ Styloglossus m. 


S D 


. Tongue 


Fig. 166. The floor of the submaxillary triangle: 
(A) the floor is trimuscular and is formed by the 
mylohyoid, the hyoglossus and the middle constric- 


lowing structures are encountered: the skin, 
the superficial fascia, the platysma and the 
cervical branch of the facial nerve, which 
passes down behind the angle of the mandible 
and lies between the platysma and the deep 
cervical fascia. Incisions made behind the an- 
gle of the jaw may injure this nerve and, since 
it supplies the quadratus labii inferioris, a drop 
in the angle of the mouth may result. This 
usually disappears within 3 months. 
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tor muscles; (B) the middle constrictor muscle, seen 
from within; (C) the hyoglossus muscle. 


The anterior facial vein crosses the triangle 
superficially and at the lower margin of the 
mandible accompanies the external maxillary 
artery. The deep cervical fascia (investing 
layer) envelops or invests the submaxillary 
salivary gland which overflows the triangle 
and conceals the trimuscular floor and the di- 
gastric muscle (Fig. 165 B). The gland is sepa- 
rated posteriorly from the parotid by the stylo- 
mandibular ligament, which is the thickened 
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part of the parotid fascia between the styloid 
and the angle of the mandible. The submaxil- 
lary gland is indented by the posterior free 
edge of the mylohyoid muscle and in this way 
is divided into a superficial and a deep (oral) 
part (Fig. 106). Its duct (Wharton’s) leaves its 
deep surface, passes forward deeply to the 
sublingual gland and opens into the floor of 
the mouth on the sublingual papilla at the side 
of the frenulum linguae. 

When the submaxillary gland is freed and 
retracted upward the mylohyoid nerve is visi- 
ble; it is accompanied by the submental 
branch of the facial artery. If the free poste- 
rior border of the mylohyoid muscle is identi- 
fied, the lingual and the hypoglossal nerves 
are seen passing behind this border. These 
nerves are separated by the oral part of the 
submaxillary gland and its forward-running 
Wharton’s duct. The lingual nerve, Wharton’s 
duct and the hypoglossal nerve run behind 
the mylohyoid muscle and on the hyoglossus 
muscle. The hypoglossal nerve is usually ac- 
companied by 1 or 2 veins. These relationships 
may be seen when the superficial part of the 
submaxillary gland is cut away and the mylo- 
hyoid muscle is detached at the hyoid bone 
and median raphe. If the hyoglossus muscle 
is cut parallel with and above the hyoid bone 
the lingual artery is exposed, lying deep to 
the hyoglossus muscle while the vein accom- 
panying the hypoglossal nerve lies on this 
muscle. The vein should not be confused with 
the artery. An additional vein usually accom- 
panies the lingual artery. 


Pharynx 


The pharynx (Figs. 167, 168 and 169) is a large 
vestibule that is common to the respiratory 
and the digestive tracts. It is a vertically 
placed musculomembranous tube that ex- 
tends from the base of the skull to the cricoid 
cartilage where it becomes continuous with 
the esophagus. The 6th cervical vertebra 
marks its lower border posteriorly. It is about 
©) inches long and has a transverse diameter 
greater than the anteroposterior. The widest 
part (1% inches) is opposite the hyoid bone, 
and the narrowest (3⁄4 inch) is at the esopha- 
geal orifice. Since it communicates with the 
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nose, the mouth and the larynx, it has been 
divided into 3 parts: nasopharynx, oropharynx 
and laryngopharynx. 


Nasopharynx; Nasal Part of Pharynx (Epi- 
pharynx). This is somewhat cube-shaped and 
is placed behind the cavity of the nose, above 
and behind the soft palate. It is part of the 
respiratory and not of the digestive tract. Its 
walls, with the exception of the soft palate 
(vellum), are incapable of movement; there- 
fore, the cavity remains patent, and its form 
never changes. 

Its anterior wall is formed by the posterior 
apertures of the nose (choanae) through which 
it opens into the nasal cavities. These aper- 
tures are a pair of oblong openings that slope 
from the base of the skull downward and for- 
ward to the posterior border of the hard palate 
and are separated by the vomer. By looking 
through them with a postnasal mirror a view 
is obtained of the posterior end of the inferior 
and the middle conchae and the 2 lower mea- 
tuses. Each opening is about 1 inch long and 
¥% inch wide. 

The roof and the posterior wall are consid- 
ered together as an obliquely sloped surface 
formed by the body of the sphenoid, the basi- 
lar process of the occipital bone and a thick 
layer of ligamentous fibrous tissue which fills 
in the angle between the latter and the verte- 
brae. The roof and the posterior wall are sup- 
ported by the inferior surface of the body of 
the sphenoid, the basilar part of the occipital 
bone and the anterior arch of the atlas below. 
The posterior wall, especially in childhood, 
presents a mass of lymphoid tissue known as 
pharyngeal tonsils (adenoids) which may fill 
the nasopharynx and hinder or completely 
block nasal breathing. 

The floor is made up of the soft palate and 
the uvula and is the only movable boundary 
of the nasopharynx. It prevents food from be- 
ing regurgitated into the nose. Behind the soft 
palate the nasopharynx is continuous with the 
oral pharynx through the isthmus. 

The lateral wall presents the opening of 
the auditory tube (eustachian) which is on a 
level with and about % inch behind the infe- 
rior nasal concha. The entire side wall mea- 
sures a little over 1 inch in diameter. The pos- 
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Fig. 167. The pharynx, viewed from behind; with 3 constrictor muscles intact. 


terior boundary of the eustachian opening 
presents a prominent elevation (Eustachian 
cushion) which is derived from the cartilagi- 
nous portion of the tube, behind which lies 
the pharyngeal recess (Rosenmiiller’s fossa). 
A fold of mucous membrane, the salpingo- 
pharyngeal fold, descends from the posterior 
lip of the orifice and contains the salpingo- 
pharyngeus muscle, which gradually disap- 
pears as it passes downward. 

When adenoids occlude the orifice of the 
tube, the air in the tympanic cavity gradually 
becomes absorbed, and deafness may result. 
The tympanum can be inflated through the 
pharyngeal orifice of the tube by means of a 
eustachian catheter. The instrument is passed 
backward along the floor of the inferior mea- 
tus until it reaches the posterior wall of the 


nasopharynx. If the catheter is rotated later- 
ally through a right angle, its point rises in 
the pharyngeal recess. Then it may be with- 
drawn from the nose until the point catches 
the tubal projection. When a mirror is intro- 
duced through the mouth so that the naso- 
pharynx is illuminated by reflected light, a 
view is obtained of the 4 orifices that open 
into the nasal part of the pharynx; the middle 
and the superior meatuses of the nose, and 
the middle and the superior conchae can be 
brought into view and their pathology deter- 
mined. The side walls and the orifices of the 
auditory tubes also can be fully inspected. 


Oropharynx; Oral Part of Pharynx (Meso- 
pharynx). This is partly respiratory and 
partly alimentary. It is the posterior continua- 
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Fig. 168. The pharynx viewed from behind, with the 3 constrictor muscles removed. 


tion of the mouth cavity that lies behind the 
mouth and the tongue. 

The anterior wall presents the opening into 
the mouth, the lower portion being the pha- 
ryngeal part of the dorsum of the tongue that 
faces directly backward. The epiglottis, which 
belongs to the laryngeal part of the pharynx 
and is situated immediately behind the 
tongue, appears as a leaflike plate of cartilage 
enveloped in mucous membrane with its up- 
per part standing prominently up and behind 
the tongue. 

The posterior wall is smooth and is sup- 
ported by the body of the axis, which is sepa- 
rated from the pharynx by the prevertebral 
fascia. 

The lateral wall is formed by the interval 
between the palatoglossal and the palatopha- 


ryngeal arches that is occupied by the tonsils. 
A retropharyngeal abscess produces a swelling 
of the posterior pharyngeal wall that may 
bulge forward and obstruct the air passages 
during respiration. 


Laryngopharynx (Hypopharynx). This is the 
longest of the 3 subdivisions; it lies behind 
the larynx and diminishes in width from above 
downward. Its upper part is common to the 
digestive and the respiratory tracts, but its 
lower part, opposite the cricoid, is entirely 
digestive. Its anterior and posterior walls are 
in contact except when food is swallowed. 

The anterior wall is formed by the inlet 
of the larynx and the posterior aspect of the 
arytenoid and the cricoid cartilages. 

The posterior wall is in contact with the 
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Fig. 169. Sagittal view of the pharynx. The 3 parts of the pharynx have been subdivided. 


anterior and is supported by the bodies of the recess, which is bounded on its medial side 
3rd, the 4th, the 5th and the 6th cervical by the aryepiglottic fold. The mucous mem- 
vertebrae. brane of this area is supplied by the internal 

The lateral walls are supported by the pos- laryngeal nerve; hence, if a crumb or a small 
terior part of the lamina of the thyroid carti- particle of food lodges in the fossa, uncontrol- 
lage and present a small fossa, the piriform lable coughing results. 
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Pharyngeal Wall. This wall presents 4  nicates with the pterygoid plexus. It enters 


rather distinct layers: buccopharyngeal fascia, 
muscular, fibrous and mucous coats. 

1. The buccopharyngeal fascia is a layer of 
fibrous tissue covering both the buccinator 
and the pharyngeal muscles. It also invests 
the constrictor muscles of the pharynx, and 
between it and the prevertebral fascia a loose 
areolar tissue is found which forms an easily 
distensible space in which pus may spread 
(Fig. 130). This layer contains the venous 
plexus, which drains the pharynx and commu- 
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the jugular vein near the angle of the jaw. 
2. The muscle coat of the pharyngeal wall is 
made up of 5 paired voluntary muscles: the 
3 constrictors (superior, middle and inferior) 
which constitute an outer circular layer, and 
the stylopharyngeus and the palatopharyn- 
geus which constitute an inner longitudinal 
layer (Fig. 170). 

The 3 constrictor muscles are incomplete 
in front, but each widens posteriorly and joins 
its fellow in the median plane at the median 


Hamulus of med. 
sterygoid plate 


/ Pterygomandibular lig. 
= Buecinatorm. 


>, Mylohyoid m. 
>. Hyoglossus m (cut) 
4 Hyoid bone 


=. Thyrohyoid m. 


Oblique line of 
thyroid cartilage 
Fascia over 


‘Recurrent laryngeal n. 
£ | gmat Trachea 


Fig. 170. The muscular coat of the pharynx (side view). The origin of the 3 constrictor muscles is 


along a continuous line from above downward. 
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raphe. Each muscle is somewhat fanshaped 
and is attached by its front end or handle to 
the side wall of the nasal, the oral or the laryn- 
geal cavity. Each partly overlaps externally 
the muscle above it, so that the inferior over- 
laps the middle, and the middle overlaps the 
superior. The origin of these muscles is contin- 
uous from above down. The superior constric- 
tor originates from the lower third of the pos- 
terior border of the medial pterygoid plate, 
the pterygomandibular ligament, the side of 
the tongue, the mucous membrane of the 
mouth and the mylohyoid line. The middle 
constrictor originates from the stylohyoid liga- 
ment and the hyoid bone. The inferior con- 
strictor arises from the oblique line of the thy- 
roid cartilage and the fascia covering the 
cricothyroid muscle. They are inserted into 
a median raphe situated posteriorly, and all 
are supplied by the pharyngeal plexus through 
the accessory part of the spinal accessory 
nerve. The inferior constrictor receives 2 ad- 
ditional nerves: the external and the recurrent 
laryngeal branches of the vagus. 

The stylopharyngeus muscle enters the 
wall of the pharynx between the superior and 
the middle constrictors (Fig. 167). It meets 
the palatopharyngeus muscle and is inserted 
with it into the posterior border of the thyroid 
cartilage. This is visible only after cutting the 
inferior constrictor muscle. The stylopharyn- 
geus is supplied by the glossopharyngeal 
nerve, and the palatopharyngeus by the acces- 
sory nerve. 

3. The fibrous coat has been called the pha- 
ryngobasilar fascia, the pharyngeal aponeuro- 
sis and also the submucous coat. It is strong 
in its upper part and takes the place of muscle 
tissue where the superior constrictor is absent. 
As it passes downward it gradually becomes 
weaker until it is finally lost as a distinct layer. 
It forms the principal attachment between the 
pharynx and the base of the skull. 

4. The mucous coat consists of a columnar, 
ciliated epithelium in the nasopharynx and 
stratified squamous in the lower part. 

The various structures pass in a definite ar- 
rangement between the constrictor muscles. 
Between the base of the skull and the superior 
constrictor are the tensor veli palatini, the 
pharyngotympanic tube and the levator pa- 
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lati. Between the superior and the middle con- 
strictors are the stylopharyngeus muscle and 
the glossopharyngeal nerve. Between the 
middle and the inferior constrictors are the 
internal laryngeal nerve and the superior la- 
ryngeal artery. Between the inferior constric- 
tor and the esophagus are the recurrent laryn- 
geal nerve and the inferior laryngeal artery 


(Fig. 171). 


Larynx 


This upper and specialized portion of the 
windpipe (Fig. 172) extends from the epiglot- 
tis to the cricoid; it forms the organ of the 
voice. At birth it lies opposite the 3rd and 
the 4th cervical vertebrae but gradually de- 
scends until in the adult, it lies opposite the 
3rd, the 4th, the 5th and the 6th cervical 
vertebrae. It is situated in the front and upper 
part of the neck, below the tongue and the 
hyoid bone, and between the great vessels of 
the neck. Above, it opens into the pharynx 
and below into the trachea. In the midline, 
it is covered by skin and cervical fascia but 
laterally is overlaid by the sternohyoid, the 
sternothyroid, the thyrohyoid and the origin 
of the inferior constrictor muscles. It consists 
of cartilages, ligaments and muscles and is 
lined by mucous membrane. Laterally, it is 
embraced by the lateral lobes of the thyroid 
gland, above which it is related to the carotid 
sheaths. Behind, it rests upon the pharynx 
which separates it from the body of the 3rd 
to the 6th cervical vertebrae. After puberty, 
the larynx is smaller in the female than in 
the male, the vocal cords in the former being 
about two thirds the length of the latter. 


Cartilages of the Larynx. These are 9 in num- 
ber (Fig. 172): the epiglottis, the thyroid, the 
cricoid, 2 arytenoids, 2 corniculates and 2 cu- 
neiforms. 

The epiglottis is a leaf-shaped lamina of yel- 
low fibrocartilage covering the superior aper- 
ture of the larynx. It guards the entrance to 
the larynx and is situated behind the median 
thyrohyoid ligament, the hyoid bone and the 
back of the tongue. Its pointed lower end is 
attached firmly by the thyroepiglottic liga- 
ment to the posterior surface of the fused alae 
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Fig. 171. Posterior view of the pharynx. The posterior wall has been cut open to show the internal 
and the recurrent laryngeal nerves and the superior laryngeal artery. 


of the thyroid cartilage just below the thyroid 
notch. Its expanded upper end projects up- 
ward beyond the hyoid bone and presents a 
free border covered by mucous membrane 
both anteriorly and posteriorly. The anterior 
surface is connected to the dorsum of the 
tongue by a median glossoepiglottic and by 
right and left pharyngoepiglottic folds. The 
corresponding depression on each side of the 
median plane forms the vallecula. The floor 
of the vallecula lies immediately above and 
behind the hyoid bone. The posterior surface 
of the epiglottis lies in the anterior wall of 
the vestibule of the larynx. 

The thyroid cartilage is the largest of the 
laryngeal cartilages, and its name is derived 
from the Greek which means “‘like a shield.” 
It is formed by a pair of broad quadrilateral 
laminae that are fused together in front but 
are widely separated behind. The fusion of 
these 2 laminae anteriorly in the midline of 
the neck has a more marked angulation in 


males and is known as the “pomum Adami” 
(laryngeal prominence or Adam’s apple). The 
anterior borders of these laminae are united 
only in their lower halves, the upper halves 
being separated by a V-shaped superior thy- 
roid notch. The laryngeal prominence and the 
thyroid notch can be felt easily subcutane- 
ously and thus serve as valuable landmarks. 
The free and rounded posterior border pro- 
jects upward as a superior horn and downward 
as an inferior horn. The superior horn is at- 
tached to the tip of the greater cornu of the 
hyoid bone by a lateral thickened border of 
the thyrohyoid membrane called the thyro- 
hyoid ligament. The inferior horn articulates 
at its extremity with the side of the cricoid 
cartilage. An important oblique line begins 
on the lateral surface of the cartilage in front 
of the root of the superior horn, extends down- 
ward and forward and ends behind the middle 
of the inferior border. This line gives insertion 
to the sternothyroid muscle and origin to the 
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Fig. 172. The larynx; 4 views and a disarticulated larynx are shown. 


thyrohyoid muscle. The area in front of it is 
covered by the thyrohyoid, and the narrower 
posterior area gives origin to a part of the 
inferior constrictor muscle of the pharynx. 
The inferior border of this cartilage is in rela- 
tion to the circumference of the cricoid carti- 
lage to which it is attached by the cricothyroid 


membrane. As life progresses this cartilage be- 
gins to ossify and may become fractured. 
The cricoid cartilage is shaped like a signet 
ring with the wide part posterior. It is a palpa- 
ble landmark that indicates the beginning of 
the trachea and the level of the superior bor- 
der of the esophagus. Its narrow anterior part, 


Surgical Considerations 


which is palpable through the skin, is called 
the arch and lies on a level with the 6th cervi- 
cal vertebra. The posterior part, the lamina, 
is much deeper, projects upward and occupies 
the lower part of the gap between the 2 lami- 
nae of the thyroid cartilage. The arch is atta- 
ched to the thyroid cartilage by the cricothy- 
roid ligament and below is fixed to the first 
tracheal ring by an elastic membrane known 
as the cricotracheal ligament. 

The two arytenoid cartilages appear as tri- 
angular pyramids, whose apices are directed 
upward and whose bases articulate with the 
upper aspect of the posterior portion of the 
cricoid. They help fill the gap between the 
2 laminae of the thyroid cartilage. The poster- 
olateral angle of the base is called the muscu- 
lar process because it provides attachment to 
the cricoarytenoid muscles. The anterior an- 
gle of the base is prolonged forward as a spine- 
like process called the vocal process because 
the true vocal cords attach here. The 2 cor- 
niculate cartilages have been referred to as 
the cartilages of Santorini. They are small and 
conical and are attached to the apex of each 
arytenoid cartilage. They give attachment to 
the aryepiglottic folds. The 2 cuneiform carti- 
lages have been referred to as the cartilages 
of Wrisberg. They are a pair of little rod- 
shaped cartilages that are placed in the aryepi- 
glottic folds in front of the corniculate carti- 
lages. 


Membranes of the Larynx. The membranes 
that make up the chief connecting bands of 
the larynx are the thyrohyoid and the crico- 
thyroid. 

The thyrohyoid membrane connects the 
upper border of the thyroid cartilage to the 
upper part of the posterior surface of the hy- 
oid bone, in this way suspending the larynx 
from the hyoid. The median portion of this 
membrane is thickened and is called the me- 
dian thyrohyoid ligament; its cordlike right 
and left margins are referred to as the lateral 
thyrohyoid ligaments. The median thyro- 
hyoid membrane is pierced by the internal la- 
ryngeal nerve and the superior laryngeal ves- 
sels on each side. The lateral thyrohyoid liga- 
ment passes from the superior horn of the thy- 
roid to the tip of the greater cornu of the 
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hyoid bone, where a small cartilaginous nod- 
ule, the cartilago triticea, is found. 

The cricothyroid ligament occupies the in- 
terval between the cricoid and the thyroid 
cartilages and consists of a central and 2 lateral 
portions. The central portion connects the cri- 
coid and the thyroid cartilages and presents 
a hole in the midline through which the crico- 
thyroid artery sends a branch. This vessel is 
used as a landmark in laryngeal surgery. The 
lateral part of the membrane (conus elasticus) 
is attached below to the upper border of the 
cricoid cartilage but is free above except at 
its extremities. It is fixed in front in the angle 
between the thyroid laminae and behind to 
the vocal processes of the arytenoids. The free 
border of the cricothyroid ligament which re- 
sults is covered by mucous membrane and 
forms the vocal ligament. The ventricular 
band that is covered by mucous membrane 
and forms the vestibular ligament (false vocal 
cord) extends from the angle between the thy- 
roid laminae to the anterolateral surface of 
the arytenoids. These lie above the true vocal 
cords. 


Muscles. The muscles of the larynx are extrin- 
sic and intrinsic. 

The extrinsic muscles have been described 
elsewhere (p. 186); they act upon the voice 
box as a whole. They are the omohyoid, the 
sternohyoid, the sternothyroid, the thyro- 
hyoid and certain suprahyoid muscles (stylo- 
pharyngeus, palatopharyngeus, inferior and 
middle constrictors of the pharynx). 

The intrinsic muscles, on the other hand, 
confine themselves entirely to the larynx and 
act on its parts to modify the size of the laryn- 
geal aperture (rima glottidis) and also control 
the degree of tension of the vocal ligaments. 
The principal intrinsic laryngeal muscles are 
the cricothyroid, the arytenoids (transverse 
and oblique), the posterior cricoarytenoids, 
the lateral cricoarytenoid and the thyroaryt- 
enoid. All of these, with the exception of the 
transverse arytenoid, are in pairs (Fig. 173). 

The cricothyroid muscle is the only intrinsic 
muscle that lies on the exterior of the larynx. 
It arises from the lateral surface of the cricoid, 
runs upward and backward and is inserted 
into the inferior horn of the thyroid cartilage. 





Epiglottis 
GI ‘ater s 
I — = 
A k ih ihe 
Ti 
1 j 
f 
j 
y e epig 
a | = 
2 a! 
te ‘TE 
he, i 
i hey 
LG 
l 
iT J 
= 
i 
Po: >I 
N 
ey j i 1 
Sup 
Pa a J | 
noth F ~ 
è 
Laryn- / 
Q@cAl prom j i 
Left plate-} | 
i ra 
t y i -IA L 
) -a ) 
Cri 910 C.i / 
Lateral 


Neck: Anterolateral Region of the Neck 


' 1 LAT 
\ 
al 1 
_ 5 i 
w à l l 
i n / La il 
F Fa 
‘ane | aryt im 
| 
I 
Frontal section 
H j 7 
Py 
F A 
a “E L] i LS 
r L 
WÀ 
| A- 
. ‘ ng 
d 4 l y 
! a 41, IIL 
ery ¥ j 4 i eh. à ya 
Ol ] W o i 
re F arytenoid rr 


_ Lateral 
hyroid cart cut) 


Fig. 173. The intrinsic muscles of the larynx; 4 views are shown. 


It bridges the lateral portion of the cricothy- 
roid interval. The cricothyroid muscles are the 
chief tensors of the vocal ligaments; this action 
is accomplished by pulling the arch of the cri- 
coid upward around its articulation with the 
inferior horn of the thyroid cartilage, thus 
forcing the arytenoids backward and stretch- 
ing the vocal cords (Fig. 174 B). 

The posterior cricoarytenoid is probably the 
most important of the laryngeal muscles, since 
its action separates (abducts) the vocal cords, 
thus widening the rima glottidis. All the other 
muscles close the larynx by a more or less 
sphincteric (adduction) action. The cricoary- 
tenoid arises from the back of the cricoid, runs 
upward and outward to the muscular process 
of the arytenoid where it inserts. By pulling 


backward on this process the vocal cords are 
separated (Fig. 174 A). Bilateral abductor pa- 
ralysis of these muscles results in suffocation. 
When both recurrent laryngeal nerves are in- 
jured, bilateral abductor paralysis results, and 
the vocal cords become lax and cannot be ab- 
ducted. At first this rarely results in dyspnea, 
but the loss of voice is immediate. Within 3 
to 5 months the voice begins to improve but, 
unfortunately, dyspnea also makes its appear- 
ance. This is the result of atrophy and fibrosis. 
Within a few weeks the voice becomes more 
improved, but as the vocal cords continue to 
fibrose and gradually approach each other the 
dyspnea becomes severe, especially on exer- 
tion. The laryngoscope will reveal the pres- 
ence of a mere slit. 
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Fig. 174. The action of the intrinsic muscles of the 
larynx. (A) The action of the posterior cricoaryten- 
oid muscles, separating the vocal cords. (B) By the 
contraction of the cricothyroid muscle, the vocal 
ligaments are tensed. (C) Adduction of the vocal 
cords is brought about by the contraction of the 
oblique and transverse arytenoid muscles. 


The transverse arytenoid is the only un- 
paired muscle of the larynx. It is a thin, flat, 
muscular band passing from the back of one 
arytenoid cartilage to the other. When it con- 
tracts, it draws the posterior parts of the ary- 
tenoids together, helping to close the laryn- 
geal inlet during swallowing (Fig. 174 C). 

The oblique arytenoid muscles are a pair 
of weak muscular slips that lie on the back 
of the transverse muscle and cross each other, 
forming a letter X. This muscle continues on 
as the aryepiglotticus in the aryepiglottic fold 
in which it reaches the epiglottis. Its action 
draws the arytenoids together and shortens 
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the aryepiglottic fold. This approximates the 
arytenoids and the epiglottis. The muscle acts 
as a sphincter for the laryngeal inlet during 
swallowing (Fig. 174 C). 

The lateral cricoarytenoid muscle arises 
from the upper aspect of the lateral part of 
the cricoid, runs upward and backward and 
is inserted into the muscular process of the 
arytenoid. These muscles are adductors of the 
vocal cords and reduce the width of the rima 
glottidis. 

The thyroarytenoid is an upward continua- 
tion of the lateral cricoarytenoid. It arises from 
the deep surface of the thyroid lamina, passes 
backward and inserts into the anterolateral 
surface of the arytenoid cartilage. It pulls the 
arytenoid cartilage forward and slackens the 
vocal folds. The uppermost fibers of this mus- 
cle curve upward into the aryepiglottic fold, 
are called the thyroepiglottic muscles and join 
with the aryepiglottic muscles to insert in the 
edge of the epiglottis. Some of the deepest 
fibers of the thyroarytenoid form a muscle 
bundle, the vocal muscle; this cannot be sepa- 
rated from the rest of the muscle and actually 
is the inner constant part that lies in the vocal 
lip lateral to the vocal ligament. It draws the 
vocal process forward, relaxing the vocal liga- 
ments. 

The action of the laryngeal muscles is 
threefold: (1) they open the glottis and permit 
breathing; (2) they close the glottis and the 
vestibule during swallowing; (3) they regulate 
the tension of the vocal cords. The frst 2 ac- 
tions are automatic and are controlled by the 
medulla, but the 3rd is voluntary and is con- 
trolled by the cerebral cortex. The posterior 
cricoarytenoids are the only abductors. The 
lateral cricoarytenoids adduct the cords. The 
muscles that close the vestibule are the thy- 
roarytenoid, the aryepiglottic and the thyro- 
epiglottic. The muscles that effect the tension 
of the cords are the cricothyroid, the vocalis 
and the thyroarytenoid. 


Nerves of the Larynx. The nerve supply is 
derived from the vagus nerve by way of its 
2 branches, the superior and the inferior (re- 
current) laryngeal, both of which are mixed 
nerves (Fig. 153). 

After a short course, the superior laryngeal 
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nerve divides into a thin external and a stouter 
internal branch. 

The external branch of the laryngeal nerve 
is applied to the inferior constrictor muscle 
and passes deeply to the insertion of the ster- 
nothyroid. In its course it passes to and is ac- 
companied by the superior thyroid artery; it 
sends a few twigs to the inferior constrictor, 
pierces it and ends by supplying the cricothy- 
roid muscle. The internal laryngeal nerve is 
sensory and pierces the thyrohyoid mem- 
brane as several diverging branches. It crosses 
the anterior wall of the piriform recess and 
supplies sensory fibers to the larynx above the 
vocal cords. Nordland and other investigators 
believe that this nerve innervates the inter- 
arytenoid muscle in most cases. Division of 
the superior laryngeal nerves results in a loss 
of sensation to the laryngeal mucous mem- 
brane, making it difficult or impossible for the 
patient to perceive a foreign body in the lar- 
ynx. There is also a weakening or paralysis 
of the cricothyroid, which produces a huski- 
ness of the voice. | 

The inferior branch of the (recurrent) la- 
ryngeal nerve arises at different levels on the 
2 sides. On the right it arises in the root of 
the neck and winds around the subclavian ar- 
tery, but on the left it arises in the superior 
mediastinum and winds around the arch of 
the aorta. It ascends anterior to the tracheo- 
esophageal groove and can be felt on the lat- 
eral aspect of the trachea. It continues upward 
and becomes intralaryngeal by passing deep 
to the lower border of the inferior constrictor 
muscle. The point at which this nerve be- 
comes intralaryngeal is on a level with the 
inferior horn of the thyroid cartilage. 


Vascular Supply of the Larynx. This is de- 
rived from the superior laryngeal branch of 
the superior thyroid artery and the inferior 
laryngeal branch of the inferior thyroid artery. 


Lymphatics. The lymphatics from the upper 
part end in glands in the carotid triangle, and 
from the lower part in the glands in front of 
and besides the larynx and the trachea. 


Cavity of the Larynx. This may be divided 
into 3 compartments: vestibule (supraglottic), 
middle compartment (glottic area) and an in- 
fraglottic area. Some authors have likened the 
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superior aperture of the larynx to a triangle, 
the base of which is at the epiglottis, the sides 
formed by the arytenoepiglottic folds, and the 
apex located at the arytenoid commissure pos- 
teriorly. 


Inlet of the Larynx. The inlet, or upper aper- 
ture, faces almost directly backward so that 
it is set at right angles to the long axis of the 
laryngeal tube. It is bounded above by the 
free margin of the epiglottis, on either side 
by the aryepiglottic folds of mucous mem- 
brane which stretch from the epiglottis to the 
arytenoid cartilage, and below by the short 
interarytenoid fold of mucous membrane (Fig. 
175). Two small elevations are noted at the 
posterior extremity of the aryepiglottic fold. 
The most anterior protrudes to a higher plane 
and is the cuneiform cartilage (Wrisberg). The 
posterior, which is set on a slightly lower 
plane, is produced by the corniculate cartilage 
(Santorini), which is situated on the apex of 
the arytenoid cartilage. These 2 small eleva- 
tions are easily visible on laryngoscopic exami- 
nation. The anterior wall of the vestibule is 
longer than the posterior and is formed 
throughout by mucous membrane which cov- 
ers the posterior aspect of the epiglottis. Its 
central point is marked by a rounded eleva- 
tion, the tubercle of the epiglottis, which is 
important because it is the most noticeable 
feature on laryngoscopic examination and is 
frequently the only structure that is visible 
in the hands of a novice. The aryepiglottic 
folds contain the aryepiglottic muscles be- 
tween its two layers of mucous membrane. 
Posteriorly, the vestibule is bounded by the 
arytenoid cartilages and the interarytenoid 
fold containing the transverse arytenoid mus- 
cle. The aryepiglottic and transverse aryte- 
noid muscles are of great importance because 
they close the inlet of the larynx during the 
act of swallowing. The vestibular fold of mu- 
cous membrane passes backward and laterally 
from the thyroid angle. It contains a small fi- 
brous band, the vestibular ligament (false vo- 
cal cord), which stretches from the thyroid 
angle to the arytenoid cartilage. This fold nar- 
rows the lower end of the vestibule. 


Glottis. The glottis, or middle compartment, 
is the narrowest part of the interior of the 
larynx; it measures nearly 1 inch anteroposte- 
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Fig. 175. The inlet of the larynx as seen through a laryngeal mirror. The inset shows the structures 


magnified and identified. 


riorly in the adult male and about % inch in 
the female. It consists of a small sinus, the 
ventricle or recess, and is situated between 
the vestibular and the vocal folds. The aryte- 
noid cartilages are posterior and are separated 
by the interarytenoid notch. Approximately 
two thirds of the anterior part of the glottis 
consists of the true vocal cords, the posterior 
third consisting of the interval between the 
arytenoid cartilages. The mucosa uniting the 
2 arytenoid cartilages forms the posterior or 
arytenoid commissure and is the usual site of 
tuberculosis of the larynx. 


Vocal Cords. The true vocal cords diverge as 
they pass posteriorly and extend from the vo- 
cal process of the arytenoid to the thyroid an- 


gle. They appear as short straight folds that 
are characterized by the pallor of the covering 
mucous membrane. This pallor is produced 
by the absence of loose submucous tissue as 
well as the absence of blood vessels. 

The rima glottidis (glottic slit) is that fissure 
which separates the true vocal cords and the 
arytenoid cartilages; it is triangular when at 
rest, linear during phonation and lozenge- 
shaped in respiration. The glottis is closed af- 
ter inspiration, thus aiding fixation of the dia- 
phragm during efforts of expulsion (parturi- 
tion, defecation, urination and vomiting). 

The infraglottic, or lowest compartment of 
the larynx, extends from the true vocal cords 
(ligaments) to the first tracheal ring. Its walls 
are made up of the thyroid and the cricoid 
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cartilages and the cricothyroid ligament. In 
emergency laryngotomy this membrane is in- 
cised to gain entrance into the larynx. 
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Thyrotomy (Laryngofissure) (Fig. 176). The 
incision extends from the hyoid bone above 
to the cricoid cartilage below; it is placed ex- 
actly in the midline and deepened until the 
isthmus of the thyroid gland is exposed. If nec- 
essary, this is divided. When the thyroid carti- 
lage is visualized, a vertical incision is made 
in the midline through it and the thyrohyoid 






Thyrotomy -- N 
Thyroid fi 
cartilage q 


RA 


High tracheotomy 


Neck: Anterolateral Region of the Neck 


membrane. Through this incision tumors of 
the larynx can be removed and treated when 
removal of the entire larynx is unnecessary. 
At times this operation also has been used for 
the removal of foreign bodies that could not 
be dislodged by other means. The 2 segments 
of thyroid cartilage and membranes are su- 
tured together. Some authorities permit the 
divided cartilage to fall together without su- 
turing. 


Cricothyroidotomy (Laryngotomy). This in- 


cision has been used as an emergency proce- 
dure when the presence of a foreign body or 
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Fig. 176. Thyrotomy, laryngotomy and tracheotomy incisions. 
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edema necessitates the rapid admission of air 
into the larynx. It has also been used as a pre- 
liminary step in extensive operative proce- 
dures. A cyanosed and almost asphyxiated pa- 
tient can be relieved immediately by this 
operation, in which a transverse incision is 
made across the midline of the neck at the 
level of the upper border of the cricoid carti- 
lage. If the incision is kept close to the upper 
border, the cricothyroid artery will be 
avoided. Then it is deepened to and through 
the cricothyroid ligament, and a tracheostomy 
tube is inserted. It should be remembered that 
the cricothyroid space, in children, is so small 
that it is usually unsuitable for this operation. 
In extreme emergencies where death from 
asphyxia appears imminent, the blade of a 
pocket knife has been successfully plunged di- 
rectly through the cricothyroid ligament and 
the opening kept patent by rotating the han- 
dle of the knife. Cricothyroidotomies are gain- 
ing greater usage. Some surgeons, however, 
feel that the catastrophic complications of 
glottic and subglottic stenoses are greatly ex- 
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Fig. 177(A). The left hand stabilizes the thyroid 
cartilage. The cricothyroid mėmbrane is palpated 
with the right hand. (B). A stab wound is made 
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aggerated since the procedure may be life sav- 
ing (Fig. 177). 


Tracheotomy (Tracheostomy). This operation 
may be an elective or emergency procedure. 
If elective, it is usually a preliminary step to 
laryngectomy for malignant disease. How- 
ever, if it is done as an emergency operation 
it is utilized where there has been sudden ob- 
struction of the airway as a result of aspiration 
of a foreign body, edema of the larynx, infec- 
tions and edema about the throat, or postoper- 
ative vocal cord paralysis following injury to 
both recurrent nerves. Distinction has been 
made between low and high tracheotomy, the 
low being below the isthmus of the thyroid 
and the high above it. Most authorities are 
of the opinion that the low operation is prefer- 
able (Fig. 178). Here an incision is made ex- 
tending from the lower border of the thyroid 
cartilage downward for about 3 inches in the 
midline of the neck. The skin and the subcuta- 
neous tissues are divided, and the anterior 
jugular vein is either ligated or retracted. The 


muscle 





in the membrane. The thyroid and cricoid carti- 
lages are separated. A tracheostomy tube can then 
be inserted. 
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Fig. 178. Tracheostomy. 


sternohyoid muscles are separated in the mid- 
line and retracted laterally, exposing the isth- 
mus of the thyroid gland. This in turn is either 
cut between hemostats or retracted upward, 
since a low tracheotomy is desirable. At this 
stage a sharp hook is usually placed beneath 
the cricoid cartilage in the midline to steady 
the trachea and pull it forward. Usually the 
3rd, the 4th and the 5th tracheal rings are 


divided from above downward, the opening 
held open and a tracheotomy tube inserted. 


Posterior Triangle 


The posterior triangle of the neck is formed 
as a result of a longitudinal cleavage of what, 
in embryonic life, was a single muscle plate. 


Posterior Triangle 


This single muscle later becomes the sterno- 
cleidomastoid and the trapezius which have 
a continuous attachment above, extending 
from the inion to the tip of the mastoid. The 
attachment is aponeurotic and produces the 
roughened superior nuchal line. Below, and 
because of the cleavage, the attachments be- 
come disconnected so that the trapezius at- 
taches to the lateral third of the clavicle and 
the sternocleidomastoid to the medial third. 

The posterior triangle is bounded by the 
posterior border of the sternocleidomastoid 
muscle, below by the middle third of the clavi- 
cle and behind by the anterior border of the 
trapezius (Fig. 179); the apex of the triangle 
is the meeting point of the trapezius and the 
sternocleidomastoid, and when anterior and 
posterior borders fail to meet on this line, the 
area is occupied by part of the splenius capitis 
muscle. The inferior belly of the omohyoid 
muscle crosses the lower part of the posterior 
triangle, separating it into an upper, larger 
occipital triangle and a lower, smaller supra- 
clavicular (omoclavicular) one. The roof of the 
posterior triangle is made up of the investing 
layer of the deep cervical fascia. The floor is 
muscular and is formed by the following three 
muscles from above downward: the splenius 
capitis, the levator scapulae and the scalenus 
medius. This muscular floor is carpeted by the 
prevertebral fascia (Fig. 179). 


Relations. The triangle is related to the fol- 
lowing structures from superficial to deep: 
skin, superficial fascia, platysma, external 
jugular vein, posterior border of the sterno- 
cleidomastoid muscle, four cutaneous nerves 
that pierce the investing fascia, the spinal ac- 
cessory nerve, the posterior belly of the omo- 
hyoid muscle, the transverse cervical artery 
and vein, the transverse scapular artery and 
vein, the prevertebral fascia, the muscular 
floor and the nerves that lie upon it. 


Skin. The skin of the posterior triangle of the 
neck is thicker over the upper and posterior 
part of the triangle than over the lower and 
anterior part. The superficial fascia is usually 
thin; fat in this region tends to accumulate 
under the deep fascia rather than superf- 
cially. 
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Platysma Muscle. This muscle lies in the su- 
perficial fascia of the side of the neck (Fig. 
133). It arises from the deep fascia covering 
the pectoralis major and the deltoid muscles 
as low as the 2nd rib. Its fibers pass upward 
and medially and become inserted into the 
lower border of the mandible. Some of the 
upper fibers reach the face, decussate and 
mingle with the muscles of the lower lip. It 
can be seen from its course that the platysma 
leaves the middle line of the neck and the 
lower part of the anterior triangle uncovered. 
The nerve supply of the platysma is by way 
of the cervical branch of the facial nerve. If 
a skin incision is made along the sternocleido- 
mastoid muscle and the skin and the superfi- 
cial fascia are reflected carefully either back- 
ward or forward, the platysma appears as a 
very delicate sheet. There is a definite cleav- 
age plane below it, which is filled by loose 
areolar tissue and in which the external jugu- 
lar vein is found. 

The external jugular vein travels subplatys- 
mally. It varies greatly in size and is formed 
by the union of the posterior auricular with 
a branch of the posterior facial vein. It begins 
in or at the lower part of the parotid gland, 
passes vertically downward and across the 
sternocleidomastoid muscle. In the angle be- 
tween the clavicle and the posterior border 
of the sternocleidomastoid it pierces the deep 
fascia and joins the subclavian vein. It receives 
the following branches: posterior jugular, an- 
terior jugular, oblique jugular, transverse 
scapular and transverse cervical. 

The posterior border of the sternocleido- 
mastoid muscle should be noted because of 
the nerves in relation to it. 

Four superficial nerves pierce the investing 
layer of deep cervical fascia which is not a 
strong layer and at times is difficult to display. 
They can be remembered easily if the land- 
marks are named from above downward: oc- 
ciput, ear, neck and clavicle. Thus, there are 
the lesser occipital, the greater auricular, the 
anterior cutaneous and the supraclavicular 
nerves. They all appear from approximately 
the same point, namely, the posterior border 
of the middle of the sternocleidomastoid mus- 
cle. 
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Fig. 179. The posterior triangle. (A) The floor is fascia has been incised and retracted in this figure. 
trimuscular, being made up of the splenius capitis, Four nerves pierce the investing fascia, and 4 
the levator scapulae and the scalenus medius. The nerves lie deep to it. (B) Cross section; the fascia 
prevertebral fascia forms a carpet for this floor; the is represented in blue. 


Posterior Triangle 


1. The lesser occipital nerve passes upward 
and along the posterior border of the sterno- 
cleidomastoid muscle to reach and supply the 
skin of the lateral part of the occipital region. 
2. The greater auricular nerve runs parallel 
with the external jugular vein and supplies 
the skin that covers the angle of the jaw, the 
parotid gland, the ear and the skin over the 
mastoid region. 

3. The transverse (anterior cutaneous) nerve 
of the neck appears close to the great auricular 
nerve and runs transversely forward across 
the sternocleidomastoid muscle; it divides into 
ascending and descending branches and sup- 
plies most of the skin of the side and the front 
of the neck. In its course across the sternoclei- 
domastoid it lies either superficially or deeply 
to the external jugular vein. 

4. The supraclavicular nerves arise a little be- 
low the preceding nerve as a single trunk that 
divides into 3 branches: lateral, intermediate 
and anterior (medial) supraclavicular nerves 
which diverge from one another. The anterior 
(medial) branch descends over the medial 
third of the clavicle and supplies the skin of 
the front of the chest down to the level of 
the sternal angle. The intermediate crosses 
the clavicle and descends on the thoracic wall 
as far as the 2nd rib. The lateral branch passes 
over the trapezius muscle and the acromion 
and innervates the skin on the upper and back 
parts of the shoulder region. 

The accessory nerve is the highest and most 
important structure in the triangle. It is placed 
very superficially, lying immediately beneath 
the investing layer of fascia. It appears at 
about the middle of the posterior border of 
the sternocleidomastoid muscle, running un- 
der this muscle. Here some small lymph nodes 
surround it, and the lesser occipital nerve 
takes a recurrent course below it. Branches 
from the 3rd and the 4th cervical nerves run 
parallel with the accessory and may be mis- 
taken for it. These cervical nerves also sink 
into the trapezius muscle and aid in its inner- 
vation. The fact that the accessory nerve is 
the highest structure in the triangle should 
avoid confusion. 

The inferior (posterior) belly of the omo- 
hyoid muscle springs from the upper border 
of the scapula and the suprascapular ligament 
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under cover of the trapezius muscle. It is lo- 
cated about 1 inch above the clavicle, passes 
upward and enters the posterior triangle at 
its lower and posterior angle. As it continues 
forward and slightly upward, it crosses the 
brachial plexus, continues to the sternocleido- 
mastoid muscle, crosses the scalenus anterior 
and joins the tendon that connects it to the 
superior belly of the muscle. The tendon lies 
under cover of the sternocleidomastoid and 
on the internal jugular vein. The inferior 
belly, as it crosses the posterior triangle, lies 
superficial to the suprascapular nerve, the 
transverse cervical artery and the brachial 
plexus. The muscle can be felt through the 
skin and the fascia a little above the clavicle. 
Its movements may be seen in a thin person 
while he is talking. It lies between the invest- 
ing and the prevertebral layers of the deep 
cervical fascia and is covered by a specially 
thickened part of the pretracheal layer. This 
thickened fascia binds the muscle to the poste- 
rior surface of the clavicle and to the Ist rib. 
In order to dislocate the inferior belly, its fas- 
cia should be incised along its upper border 
and the muscle pulled downward. The nerve 
supply to the omohyoid is through the ansa 
cervicalis. 

The transverse cervical artery lies under the 
omohyoid muscle (Fig. 183). It is a branch of 
the thyrocervical trunk, and as it passes back- 
ward it crosses the scalenus anterior and the 
phrenic nerve. In its course it also crosses the 
brachial plexus and the suprascapular nerve. 
In the occipital triangle it divides into a super- 
ficial and a deep branch, the superficial sup- 
plying the deep surface of the trapezius mus- 
cle, and the deep branch accompanying the 
levator scapulae muscle to the scapula and 
taking part in the scapular anastomosis. Occa- 
sionally, the transverse cervical artery is small 
and spends itself in the trapezius; it then is 
referred to as the superficial cervical artery. 

The transverse scapular or suprascapular 
artery is also found in the lowermost portion 
of the supraclavicular triangle, and it too is 
a branch of the thyrocervical trunk. It runs 
laterally and downward under cover of the 
sternocleidomastoid, across the scalenus anti- 
cus muscle and the phrenic nerve. It passes 
laterally behind the middle third of the clavi- 
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Fig. 180. Variations of the subclavian vessels in the 
region of the scalenus anterior muscle. E. B. Kaplan 
has described some of these variations herein de- 
picted. The so-called normal arrangement is noted 
in the center of the illustration: (A) double subcla- 
vian vein arrangement; (B) the formation of a ve- 


Neck: Anterolateral Region of the Neck 


nous ring; (C) the formation of an arterial ring; (D) 
both the artery and vein pass in front of the muscle; 
(E) a reversed arrangement in which the vein is 
behind the muscle and the artery in front of it; 
(F) both the artery and the vein pass behind the 
muscle. 


Posterior Triangle 


cle and in front of the subclavian artery to- 
ward the posterior angle of the triangle. From 
this point on it accompanies the suprascapular 
nerve to the scapular. Behind the clavicle it 
is closely accompanied by one or two veins. 
The suprascapular and the transverse cervical 
veins run quite superficial to their arteries. 
Therefore, the arteries are accompanied not 
by their own veins but by slender venules as 
they cross the scalenus anticus muscle. The 
veins end in the external jugular. The supra- 
scapular and the transverse cervical arteries 
clamp the phrenic nerve onto the scalenus 
anticus muscle. 

The prevertebral fascia forms a carpet that 
covers the cervical part of the brachial plexus 
and the subclavian vessels and provides a fas- 
cial sheath for them as they enter the axilla. 
The carpet also covers 4 motor nerves: those 
to the levator scapulae, the rhomboids, the 
serratus anterior and the diaphragm. Since the 
spinal accessory is the highest nerve in the 
posterior triangle, one may dissect cephalad 
to it without much risk, since the only other 
structure in the region of the apex of the pos- 
terior (region) triangle is the artery. 

The floor of the triangle is muscular. The 
levator scapulae muscle occupies the most 
central position of the 3 muscles named. It 
arises from the posterior tubercles of the 
transverse processes of the upper 4 cervical 
vertebrae and is inserted into the vertebral 
border of the scapula between the root of the 
spine and the superior angle. 

Cephalad to the levator and parallel with 
it is the splenius capitis muscle which arises 
from the lower half of the ligamentum nuchae 
and the succeeding vertebral spines. It passes 
upward and laterally, forming the upper part 
of the floor, and is inserted into the mastoid 
process and the adjoining part of the occipital 
bone, under cover of the sternocleidomastoid 
muscle. 

Caudad to the levator scapulae and parallel 
with it are the 3 scalenus muscles. The sca- 
lenus medius arises from the posterior tuber- 
cles of all the cervical transverse processes 
(2nd, 3rd, 4th, 5th and 6th) and is inserted 
into the upper part of the lst rib between 
the groove for the subclavian artery and the 
neck of the rib. It is best not to consider the 
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scalenus posterior as a separate muscle but 
as that portion of the scalenus medius that 
passes on to the 2nd rib and inserts there (Fig. 
136). The scalenus anterior is separated from 
the medius and the posterior by the brachial 
plexus and the subclavian artery. It arises from 
the anterior tubercles of all the transverse pro- 
cesses (3rd, 4th, 5th and 6th). Its posterior bor- 
der is parallel with and, therefore, hidden by 
the posterior border of the sternocleidomas- 
toid muscle. It is not considered actually as 
part of the floor of the posterior triangle, since 
it is hidden from view. The scalenus anterior 
inserts into the scalene tubercle (Lisfranc), 
which is situated on the upper surface of the 
lst rib. 

Of the structures that lie between the acces- 
sory nerve and the omohyoid, the largest and 
most outstanding is the brachial plexus. Its 
upper part lies in the occipital triangle, but 
most of the plexus, as it passes through the 
neck, lies behind the inferior belly of the 
omohyoid and in the supraclavicular triangle. 
The formation of this plexus has been dis- 
cussed on page 678. When the posterior border 
of the sternocleidomastoid is drawn forward, 
the nerves forming the plexus are seen emerg- 
ing from between the scalenus anterior and 
the medius. This relationship is a useful land- 
mark as it enables these 2 muscles to be identi- 
fied. The supraclavicular nerve is quite thick 
and runs downward and backward immedi- 
ately above the plexus. The nerve to the rhom- 
boids is found a little higher; it pierces the 
substance of the scalenus medius muscle, runs 
downward and disappears under cover of the 
levator scapulae muscle to which it usually 
gives a branch. Its terminal branches supply 
the rhomboid muscle. If the upper part of the 
brachial plexus is pulled forward, the nerve 
to the serratus anterior commonly called the 
long thoracic nerve is seen. It arises from the 
back of the brachial plexus and disappears un- 
der cover of it. The nerve to the subclavius 
can be identified here. 


Practical and Surgical Aspects 


Thoracic Outlet Syndromes. A variety of 
physical abnormalities are associated with 
constriction and/or compression of the bra- 
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chial plexus, the subclavian artery, or the sub- 
clavian vein near the first rib and clavicle. Be- 
cause of the variety of possibilities and 
symptoms, the plural term, “syndromes” is 
used. Among the several descriptive terms 
used to indicate the etiology are cervical rib, 
scalenus anticus syndrome, hyperabduction 
syndrome, costoclavicular syndrome, and pec- 
toralis minor syndrome. In 1927, Adson and 
Coffey focused attention on the scalenus anti- 
cus muscle. They observed that the subclavian 
artery was constricted by this muscle and de- 
duced that this compression by an abnormal 
scalenus anticus muscle created a syndrome 
identical to the one noticed in the cervical 
rib syndrome. They advised division of the 
muscle. 

The symptoms of this syndrome vary de- 
pending on the vessels or nerves involved; 
hence, they may be neurological, vascular or 
both. Compression of the nerve is the most 
common cause. The clinical manifestations 
are not a good index of the site of the obstruc- 
tion. 

Neurological symptoms usually consist of 
-parasthesias, numbness and pain in the fingers 
and hands, most commonly in an ulnar distri- 
bution. However, these may occur anywhere 
in the upper extremity or shoulder region. 
Later neurological deficits include motor 
weakness, sensory loss and atrophy. 

Arterial compression symptoms include is- 
‘ chemic pain, parasthesias, coldness, numbness 
and weakness in the arm or hand. These symp- 
toms are aggravated by exposure to cold 
and/or exercise. 

Venous symptoms include aching, swelling, 
distal edema, cyanosis and pain. 


Treatment. A variety of operative procedures 
have been devised for managing thoracic out- 
let syndromes. Such procedures include exci- 
sion of a cervical rib, division of the scalenus 
anticus muscle, removal of the clavicle and 
division of the pectoralis minor tendon. The 
surgical treatment of choice is removal of the 
first rib and of the cervical rib when present. 
Currently, a transaxillary approach for the re- 
moval of the first rib is in vogue. With the 
patient’s arm in hyperabduction, an incision 
is placed below the axillary hairline. Hyperab- 
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duction aids in the exposure of the first rib 
and the scalene muscles making it possible 
to retract the neurovascular bundle. The re- 
moval of the first rib requires cutting all 3 
scalene muscles. This should relieve compres- 
sion on the artery, vein and/or brachial plexus 
(Fig. 181). 

A cervical rib attached to the transverse 
process and the body of the 7th cervical verte- 
bra may vary from a simple bony bulge to a 
full and well-developed rib (Fig. 182 C). If 
such a projection is small, its outer extremity 
may be free and unattached, but if it is longer, 
it may be joined to the Ist thoracic rib by 
fibrous attachments. 

The operative procedure that has given 
most success for both cervical rib and scalenus 
anticus syndrome is executed through an ante- 
rior approach that has been described by Ad- 
son (Fig. 182). An oblique incision is made 
about 5 cm. in length, extending upward and 
backward from the sternoclavicular articula- 
tion into the posterior triangle of the neck. 
The incision is deepened through the fat and 
the platysma; the tendon of the sternocleido- 
mastoid muscle is exposed at its clavicular at- 
tachment and is divided between forceps, the 
muscular portion being reflected mesially. 
The tendon of the omohyoid is found and may 
be either retracted or severed. The scalenus 
anterior muscle is identified, as is the phrenic 
nerve which runs obliquely across it from lat- 
eral to medial; the nerve is retracted. The bor- 
ders of the scalenus muscle are dissected free, 
and its tendinous and muscular fibers are di- 
vided close to its insertion. The subclavian ar- 
tery should be lateral to the scalenus anterior 
and the pleura medial. As soon as the muscle 
has been divided, the subclavian artery can 
be dissected free and will drop forward. A 
cervical rib, if present, is examined, and if it 
is causing no pressure, further operative pro- 
cedure is unnecessary. However, if the rib or 
its tendinous attachment to the first rib is pro- 
ducing posterior pressure on the brachial 
plexus, a portion of the rib and the tendon 
must be removed. 


Brachial Plexus Lesions. Brachial plexus le- 
sions are divided into those lesions that in- 
volve the entire plexus or only the upper, mid- 
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Fig. 181. Surgical treatment for thoracic outlet syndrome. 


dle or lower portions of the plexus (p. 678). 
When the entire plexus is involved either 
from injury or pressure, the following features 
are noted: complete anesthesia of the lower 
part of the arm, the forearm and the hand; 
flaccid paralysis of the superior extremities 
with eventual wasting of the muscles. 
Erb-Duchenne (upper arm) paralysis is the 
commonest type of nerve injury, occurring 
at birth and involving the 5th and the 6th 
cervical nerves. Upper-arm palsy usually re- 
sults during the course of a complicated deliv- 
ery with marked downward traction, resulting 
in a widening of the angle between the head 
and the shoulder. The injury usually occurs 


where the 5th and the 6th cervical nerves 
join to form the upper trunk of the plexus; 
this is known at Erb’s point, which is the spot 
where 6 nerves meet: 5th cervical, 6th cervi- 
cal root, anterior division of upper trunks, pos- 
terior division of upper trunks, suprascapular 
nerve and the nerve to the subclavius. The 
hand hangs at the side in internal rotation 
with the forearm pronated and the fingers and 
the wrist flexed. This is referred to by some 
as the “head-waiter’s tip hand.” External rota- 
tion and abduction are lost at the shoulder, 
as are flexion and supination of the forearm. 
Some authorities are of the opinion that when 
this lesion occurs later in life, there is some 
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Fig. 182. Sectioning of the scalenus anticus muscle 
and the removal of a cervical rib: (A) incision; (B) 
exposure of the scalenus anticus muscle after cut- 
ting the clavicular attachment of the sternocleido- 


associated dulling of sensation over the lower 
part of the deltoid, the arm and the forearm. 
The clinical appearance is produced by a pa- 
ralysis of the abductors and the lateral rotators 
of the shoulder (deltoid, supraspinatus and in- 
fraspinatus) plus a paralysis of the flexors of 
the elbow (biceps, brachialis and brachiora- 
dialis); a weakness of the adductors and the 
medial rotators of the shoulders (pectoralis 
major, teres major, latissimus dorsi, subscapu- 
laris) also results. The pronator teres, the supi- 
nator, the flexors of the wrist and the thenar 
muscles may be slightly involved. 

The middle-arm type lesion involves the 
7th cervical nerve and produces a paralysis 
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mastoid muscle; (C) a cervical rib causing pressure 
on the brachial plexus; (D) removal of a cervical 


rib. 


of the entire radial nerve except its branch 
to the brachioradialis; there is also a paralysis 
of the coracobrachialis. 

Klumpke (lower-arm) paralysis is usually 
the result of upward traction on the shoulder. 
It may also be found in injuries or during 
breech presentations when the arms are 
placed over the head. The lesion involves the 
8th cervical and the Ist thoracic nerve. It re- 
sults in a paralysis of the intrinsic muscles of 
the hand and a paralysis of the flexors of the 
digits; a “claw” hand results. In addition there 
is diminished sensation over the medial side 
of the arm, the forearm and the hand. 


SECTION 2 NECK 


Chapter 9 


Root of the Neck 


The region referred to as the root of the neck 
is really the thoracocervical region that forms 
a boundary between the neck and the thorax 
and is occupied by structures that enter or 
leave the thoracic cavity. 


Blood Vessels 


The right common carotid and the subclavian 
arteries (Fig. 183) arise from the brachio- 
cephalic (innominate) immediately behind 
the right sternoclavicular joint which is made 
up of the sternal end of the first costal carti- 
lage, the medial end of the clavicle and the 
clavicular notch of the manubrium sterni (p. 
189). The joint and the scalenus anterior 
muscle are landmarks in this region. The left 
common carotid and the subclavian arteries 
arise directly from the aortic arch and after 
a course of about l inch pass into the neck 
behind the left sternoclavicular joint. On the 
right side the two infrahyoid muscles inter- 
vene between the arteries and the joint, but 
on the left side the left brachiocephalic (in- 
nominate) vein intervenes. On both sides the 
common carotid is placed in front of the sub- 
clavian artery at the entrance to the neck and 
ends in the carotid triangle by dividing into 
the internal and the external carotids. It has 
no collateral branches. 


Subclavian Artery. This artery courses 
through the neck and describes a gentle curve 
with the convex portion in an upward direc- 
tion. The scalenus anterior muscle crosses the 


artery, dividing the vessels into 3 parts: the 
prescalenus (a part before), retroscalenus (a 
part behind) and postscalenus (a part after). 
Therefore, the artery not only occupies the 
root of the neck but the superior mediastinum 
as well and becomes the axillary artery at the 
lateral border of the first rib. 

The prescalenus portion of the artery passes 
upward and laterally to the medial border of 
the scalenus anterior. Anteriorly, the follow- 
ing structures are encountered in a lateral di- 
rection: the common carotid artery, the ansa 
subclavia, the vagus nerve and the internal 
jugular vein, the latter being separated in part 
from the artery by the vertebral vein and on 
the left side by the phrenic nerve. Posteriorly, 
the artery is intimately related to the cervical 
dome of the pleura and the apex of the lung. 
The branches from this part of the vessel are 
the vertebral, the thyrocervical trunk and the 
internal thoracic mammary. Grant has de- 
scribed a “triangle of the vertebral artery” 
which has as its base the first part of the subcla- 
vian artery, its lateral side is the scalenus ante- 
rior, and its medial side the longus cervicis, 
the apex being made up of the anterior tuber- 
cle of the 6th cervical transverse process (Fig. 
184). Anatomically, the triangle is seen best 
when the common carotid artery and the in- 
ternal jugular vein are divided low. The poste- 
rior wall of the triangle, from above down- 
ward, is made up of the transverse process 
of the 7th cervical vertebra, the anterior ra- 
mus of the 8th cervical nerve, the neck of 
the lst rib, and the cervical pleura which rises 
to the neck of the Ist rib. The triangle contains 
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Fig. 183. The arteries in the root of the neck: (A) 
the subclavian artery is divided into 3 parts by the 
scalenus anticus muscle; (B) the subclavian artery 


the vertebral artery, the vertebral vein which 
descends in front of the artery and crossés 
the subclavian artery, the inferior thyroid ar- 
tery and the ganglionated sympathetic trunk. 

The retroscalenus portion of the subclavian 
artery lies behind the scalenus anterior and 
its superimposed structures. Posteriorly, it is 
in contact with the cervical dome of the 
pleura and the apex of the lung. It is located 
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and vein are separated by the scalenus anticus mus- 
cle (side view). 


in that triangular space that exists between 
the anterior and the middle scalene muscles, 
the base or floor of which corresponds to the 
lst rib (Fig. 183 B). Above and lateral to it 
are the trunks of the brachial plexus; to see 
these relationships and this part of the artery 
it is necessary to cut the anterior scalene mus- 
cle transversely. Because of the presence of 
the phrenic nerve, dissection of this muscle 
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Fig. 184. The vertebral artery; the artery is divided into 4 parts. 


cannot be complete if the nerve is not pro- 
tected properly. 

The costocervical trunk arises from the pos- 
terior aspect of this part of the subclavian ar- 
tery, passes backward above the pleura to the 
neck of the lst rib where it divides into the 
superior intercostal and the deep cervical ar- 
teries (Fig. 183 A). 

The postscalene portion of the subclavian 
artery extends from the lateral border of the 
scalenus anterior to the outer border of the 
lst rib. Aneurysm of the subclavian, as a rule, 
involves this portion and appears as a swelling 
in the posterior triangle of the neck just above 
the clavicle. Because of the close proximity 
of the subclavian vein, an edema of the upper 
extremity may result. Ligation of this artery 
should be carried out in its third part. 


Subclavian Vein. This vein has only 2 parts 
that correspond to the 2nd and the 3rd parts 
of the artery; the beginning of the brachio- 
cephalic (innominate) vein substitutes for the 
lst part. This is understandable if it is remem- 
bered that the internal jugular vein crosses 
the lst part of the subclavian artery in order 
to make that union known as the brachio- 
cephalic (innominate) vein. The termination 
of the internal jugular then crosses and con- 
ceals the prescalenus portion of the subclavian 
artery; hence, no similar part of the subclavian 
vein exists; the subclavian is a continuation 
of the axillary vein. At the junction of the ster- 
num with the clavicle the subclavian vein 
unites with the internal jugular to form the 
brachiocephalic (innominate). It begins at the 
outer border of the 1st rib, runs medially and 
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almost transversely behind the clavicle, lying 
in front of the subclavian artery which it ac- 
companies throughout its course with the ex- 
ception of that point where the artery and 
the vein are separated by the anterior scalene 
muscle. The vertebral and the internal tho- 
racic (mammary) veins pass directly into it, 
there being no thyrocervical or costocervical 
venous trunks. The inferior thyroid veins 
drain into the brachiocephalic (innominate) 
vein; the transverse cervical and suprascapu- 
lar veins open into the external jugular vein. 
The deep cervical, the ascending cervical and 
the vein from the first intercostal space drain 
into the vertebral before it crosses the subcla- 
vian artery to end in the innominate vein. 
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The variations of the subclavian vessels have 
been described on page 242. 

The right brachiocephalic (innominate) 
vein lies deeply to the inner end of the right 
clavicle from which it is separated by the ster- 
nohyoid and the sternothyroid muscles. It is 
related to the medial surface of the right 
pleura and partly overlies the innominate ar- 
tery. It passes vertically downward into the 
superior vena cava. 

The left brachiocephalic (innominate) vein 
passes downward behind the upper part of 
the manubrium to the lower margin of the 
first right costal cartilage where it ends in the 
superior vena cava. It is covered in front by 
the left sternoclavicular joint and on the right 
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Fig. 185. The vertebral triangle and its contents. 


Blood Vessels 


is overlapped by the right pleura. Remnants 
of the thymus intervene between it and the 
sternum. The vein is on the level of or at times 
slightly above the upper margin of the manu- 
brium and is endangered in removal of tumors 
at the root of the neck or in low tracheotomy. 


Vertebral Artery. This is the lst and largest 
branch of the subclavian (Fig. 184). It is di- 
vided into 4 parts: the lst part passes upward 
and backward between the scalenus anterior 
and the longus cervicis muscles and through 
the foramen in the transverse process of the 
6th cervical vertebra; it is surrounded by a 
plexus of sympathetic nerve fibers and is cov- 
ered by the vertebral and the internal jugular 
veins. The 2nd part ascends through the fora- 
mina in the transverse processes of the upper 
6 cervical vertebrae. The 3rd part emerges 
from the foramen transversarium of the atlas 
and passes almost horizontally backward and 
medially behind the lateral mass of the atlas. 
The 4th part pierces the spinal dura mater 
and travels upward into the cranial cavity 
through the foramen magnum, joining the in- 
ternal carotid artery to form the circle of Wil- 
lis. 

The vertebral vein descends in front of the 
artery and may hide it. As it descends, it devi- 
ates to the lateral side of the artery and crosses 
in front of the first part of the subclavian ar- 
tery; it ends in the posterior aspect of the inno- 
minate vein near its origin. 

The thyrocervical trunk also arises from the 
upper part of the subclavian artery at the me- 
dial border of the scalenus anterior muscle 
and at once breaks up into 3 branches: the 
suprascapular, the transverse cervical and the 
inferior thyroid arteries. Only the inferior thy- 
roid occupies the scalenovertebral angle. It 
reaches the level of the 6th cervical transverse 
process, turns medially and downward and 
terminates at the posterior border of the lobe 
of the thyroid gland. The course of this vessel 
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resembles an inverted U. As the artery curves 
medially it passes over the vertebral vessels 
and below the carotid system. 

The thoracic duct occupies the left side of 
the scalenovertebral angle. Its course is similar 
to that of the inferior thyroid artery, but it 
loops in the reverse direction and at a lower 
level than does the vessel. In the neck the 
duct forms an arch that reaches as high as 
the 7th cervical vertebra, arching behind the 
carotid system (internal jugular vein, vagus 
nerve and common carotid artery), and in 
front of the vertebral system (vertebral ves- 
sels). As it passes to the left it also crosses the 
scalenus anterior muscle and the phrenic 
nerve. Continuing its course, it crosses the 
transverse cervical and transverse scapular ar- 
teries and usually ends as a single vessel enter- 
ing the junction of the subclavian and the left 
internal jugular veins. The duct sometimes di- 
vides, one vessel entering the vein on the right 
and the other entering on the left side. 


Scalenovertebral Angle 


This angle takes the form of an inverted V, 
is bounded laterally by the scalenus anterior 
muscle and medially by the longus cervicis 
(colli) muscle. These two muscles meet at the 
carotid tubercle (Chassaignac’s), which is the 
well developed anterior tubercle of the 
transverse process of the 6th cervical vertebra 
and forms the apex of the triangle (Fig. 185). 
The roof is formed by the sternocleidomastoid 
muscle. 

The lower part of this angle is crossed by 
the subclavian artery, which disappears be- 
hind the scalenus anterior muscle but, before 
disappearing, it gives rise to 2 large branches 
from its upper border: the vertebral artery 
and the thyrocervical trunk. As these 2 vessels 
ascend they fill the gap in the scalenovertebral 
angle. 


SECTION 3 THORAX 


Chapter 10 


Bony Thorax 


The thorax is shaped like a truncated cone, 
which is flattened from before backward and 
contains important organs of respiration, cir- 
culation and digestion. Its anterior wall is the 
shortest and is formed by the sternum and 
the anterior portions of the first 10 pairs of 
ribs, with their corresponding costal carti- 
lages. The lateral walls are formed by the ribs, 
which slope obliquely downward and forward; 
the posterior wall is made up of the 12 thoracic 
vertebrae and the ribs as far as their angles 
(Figs. 186 and 187). At birth and about 2 years 
thereafter the thorax is circular and does not 
resemble the oval-shaped adult thorax (Fig. 
188). Because of this difference, the adult tho- 
rax may be increased in thoracic breathing, 
but this is impossible in the child, since the 
circumference remains constant in the latter. 
For this reason, breathing in the first 2 years 
of life is almost entirely abdominal (diaphrag- 
matic), but as the individual grows older, 
breathing becomes intercostal (thoracic). Be- 
cause children’s breathing is not thoracic, they 
are supposed to be more susceptible to postop- 
erative pneumonia. The child restricts his ab- 
dominal movements because of pain, thereby 
interfering with excursions of the diaphragm; 
this results in poorly aerated lungs, which be- 
come filled with accumulated secretions. The 
child’s thorax may be referred to as the “nor- 
mal” barrel chest of early life. The thorax has 
a small kidney-shaped superior aperture and 
a large irregular inferior one. 


Superior Aperture. This is the inlet and mea- 
sures approximately 2 by 4 inches (Fig. 188). 
It slopes from behind downward and forward. 
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Its boundaries are formed by the body of the 
first thoracic vertebra, the first ribs, the first 
cartilages and the upper border of the manu- 
brium sterni. It is kidney-shaped, the first tho- 
racic vertebra representing the hilum. Be- 
cause of the downward slope of this aperture, 
the anterior part of the apex of the lung rises 
above the anterior boundary of the inlet, but 
its posterior part rises only to the level of the 
neck of the Ist rib. The diaphragm of the aper- 
ture is fascial and is called Sibson’s fascia (Fig. 
186 B). It is pyramidal-shaped and extends 
from the transverse process of the 7th cervical 
vertebra to the inner border of the Ist rib 
and in this way protects the cervical dome 
of the pleura, which is closely associated with 
its undersurface. The scalene muscles replace 
intercostal muscles in this area and are lined 
internally by Sibson’s fascia. 


Inferior Aperture. This is the outlet of the 
thorax. It is large and irregular and bounded 
by the 12th thoracic vertebra, the lowest ribs, 
the 7th to the 12th costal cartilages and the 
xiphisternal joint. It is much wider than the 
inlet and is occupied by the diaphragm. 
Certain conventional longitudinal lines are 
used for the purpose of description and orien- 
tation. They run parallel with the long axis 
of the body and are (Fig. 186): 
1. Midsternal line. This bisects the sternum 
and corresponds to the midline of the back. 
2. Mammary line. This is dropped from the 
inner aspect of the clavicle and usually passes 
through the nipple. 
3. Parasternal line. This lies midway between 
the midsternal and the mammary lines. 
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Fig. 186. The bony thorax. (A) Anterior view, with the conventional longitudinal lines shown. (B) Sibson’s 
fascia, which forms the diaphragm for the superior aperture. 


4. Anterior axillary line. This runs through 
the anterior axillary fold. 

5. Posterior axillary line. This passes through 
the posterior axillary fold. 

6. Midaxillary line. This is dropped from the 
middle of the axillary space. 

7. Scapular line. This runs through the apex 
of the inferior angle of the scapula. 

8. Paravertebral line. This is opposite the tips 
of the transverse processes of the vertebrae 
(used in radiology). 


Ribs (Costae) 


The 12 pairs of ribs form a series of obliquely 
placed bony arches which constitute the 


greater part of the wall of the thoracic cage. 
They overhang the upper part of the abdo- 
men, articulate with vertebrae posteriorly and 
end in costal cartilages anteriorly. They in- 
crease in length from the Ist to the 7th and 
then become progressively shorter. 


True Ribs. The first 7 pairs are called true 
ribs because their cartilages articulate with 
the sternum. 


False Ribs. The cartilages of the last 5 pairs 
are known as false ribs. 


Floating Ribs. The 8th, the 9th and the 10th 
pairs end by turning upward to join the costal 
cartilage above, but the llth and the 12th 
are free at their extremities and are known 
as floating ribs. 
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Fig. 187. Posterior view of the bony thorax. 


All the ribs can be felt through the overlying 
soft structures, with the exception of the lst, 
which is hidden by the clavicle, and occasion- 
ally the 12th. The lst rib may be absent or 
very short. The 2nd rib always can be identi- 
fied where its cartilage reaches the sternum 
at the sternal angle. Therefore, when it is nec- 
essary to locate a given rib, the 2nd should 
be found, and the succeeding ribs should be 
counted from above downward, following a 
line about 1 inch from the sternum which 
passes downward and slightly laterally. The 
ribs vary in length, the longest (7th or 8th) 





shape of childs thorax 


being two or three times as long as the shortest 
(lst or 12th). The typical ribs are the 3rd to 
the 9th inclusive, but the Ist, the 2nd, the 
10th, the 11th and the 12th have special char- 
acteristics. 

The so-called typical rib (Fig. 189) articu- 
lates with 2 vertebrae, namely, the vertebra 
to which it corresponds numerically, and the 
vertebra above this. It has a head, a neck, a 
tubercle and a shaft; the last-named structure 
has an angle posteriorly and a costal groove 
inferiorly. The head presents a kidney-shaped 
articular surface which is divided into two fac- 


Shape of adult thorax 


Fig. 188. The bony thorax as viewed from above. The small insets show the transverse section of a 


child’s thorax as compared with that of an adult. 
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Fig. 189. A typical rib: (A) the individual parts of the rib are identified; (B) the nutrient artery enters 


just beyond the tubercle. 


ets by a transverse crest. These facets articu- 
late with the contiguous facets on the lateral 
aspect of the bodies of the 2 adjacent verte- 
brae. From the intervening crest or ridge, an 
interarticular ligament passes to the interver- 
tebral disk. The neck is constricted and is 
about | inch long; its upper border is raised 
into a crest. The tubercle is located on the 
back of the junction of the neck and the shaft; 
below, it reveals a smooth round facet for ar- 
ticulation with the corresponding transverse 
process, and above and behind this is a rough 
area for the lateral costotransverse ligament. 
The shaft is compressed laterally, giving it 
internal and external surfaces, which are sepa- 
rated by superior and inferior borders. It not 
only has a curved but also a twisted appear- 
ance. The curvature is greatest posteriorly, 
and its maximum point is known as the angle, 
which is marked by a ridge on its external 
surface, the latter being smooth and covered 
with muscles. The internal surface is also 
smooth but is covered with pleura; the supe- 
rior border is rounded, and the inferior border 
is grooved. The costal groove contains the in- 
tercostal vessels and nerves, which are pro- 
tected by its sharp overhanging outer margin. 
The anterior (sternal) extremity of the shaft 
is oval in shape and concave for the reception 
of the costal cartilage. 


Special Ribs. This group includes the Ist, the 
2nd, the 10th, the llth and the 12th; they 
are so-called because they possess special fea- 
tures by which they may be identified. 

The Ist rib has been called the “superla- 


tive” rib because it is the highest, broadest, 
strongest, flattest, most curved and, with the 
occasional exception of the 12th, the shortest 
of all the ribs (Fig. 190). Its angle coincides 
with its tubercle. It is placed almost horizon- 
tally so that its surfaces face upward and 
downward, and it articulates with only one 
vertebra. The head is small and has only one 
facet, which articulates with the body of the 
lst thoracic vertebra; the neck is relatively 
long. The tubercle is fairly large and articu- 
lates with the lst thoracic transverse process. 
The lower surface of this rib is smooth and 
devoid of any important landmarks, but the 
upper surface presents several important fea- 
tures. A roughened area is present for the in- 
sertion of the scalenus medius and the origin 
of the first digitation of the serratus anterior. 
The front of this rib is crossed by a wide shal- 
low groove, which lodges the subclavian ar- 
tery. Along the inner border and anteriorly, 
this arterial groove is limited by the scalene 
tubercle (Lisfranc) where the scalenus ante- 
rior muscle inserts. The size of the tubercle 
varies, in some cases forming a prominent 
point while in others it is barely recognizable. 
Anterior to this, a shallow groove is noted, 
which lodges the subclavian vein. The rib does 
not contain a costal groove; its lower smooth 
surface is covered with pleura, and its sternal 
end is enlarged to receive the lateral extrem- 
ity of the lst costal cartilage. | 
The 2nd rib is intermediate in size and 
shape; it lies between the lst and the lower 
ribs; although sharply curved, it is not twisted 
(Fig. 190). Its angle is just lateral to its tuber- 
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Fig. 190. The lst and the 2nd ribs as seen from above; the muscular attachments have been identified. 


cle, and its surfaces are oblique. This rib has 
a poorly marked costal groove and a rough 
elevation near the middle of its outer surface 
where the lower part of the first digitation 
and the whole of the second digitation of the 
serratus anterior attach. The scalenus poste- 
rior is attached behind this point. 

The 10th rib resembles a typical rib but 
is shorter, and its head usually presents only 
one facet for the body of the 10th thoracic 
vertebra. It is the “uncertain” rib, since it may 
articulate with the 9th cartilage, which may 
be connected to it by a ligament or may re- 
main free as a floating rib. 

The 11th rib is short and has only a single 
facet on its head for the 11th thoracic verte- 
bra; it does not have a neck or tubercle, and 
its costal groove is difficult to see. 

The 12th rib is very short and has only one 
facet on its head; it lacks a tubercle, an angle 
and a costal groove. It should be noted that 
the inner surfaces of both the llth and the 
4th ribs look upward as well as inward. 

The blood supply reaches each rib through 
its own nutrient vessel which enters just be- 
yond the tubercle and runs forward as far as 
the inner extremity of the bone (Fig. 189 B). 
An additional supply is obtained from the per- 
iosteal vessels. The periosteum of the ribs 
strips easily from the bone, but that of the 
sternum does not. H. A. Harris has pointed 
out that no anastomosis occurs between the 
vessels of the diaphysis and the epiphysis of 


the ribs and that the vessels of the former 
are virtually “end arteries.” 

Ossification resembles the long bones of the 
limbs and the bodies of the vertebrae, since 
it begins to take place in the 2nd fetal month. 
The process begins near the angle and contin- 
ues in both directions but fails to reach the 
sternal end, resulting in costal cartilages. 

The ribs, the vertebrae, the sternum and 
the diploé of the skull are filled with the red 
blood-forming marrow. It is in these bones 
and not in the limbs that the blood elements 
are formed after puberty. 

The costal cartilages continue the costal 
arches in front of the anterior extremities of 
the ribs. The first 7 cartilages are continued 
forward and articulate with the sternum. The 
8th, the 9th and the 10th anterior extremities 
end by joining with the costal cartilage above. 
These form a continuous cartilaginous ridge, 
known as the subcostal margin, which forms 
a part of the inferior aperture of the thorax. 
The cartilages increase in length from the Ist 
to the 7th, and below this point they diminish. 
When traced downward, the intervals be- 
tween the cartilages diminish. 


Sternum (Breast Bone) 


The sternum (Fig. 191) is an elongated flat 
bone which is situated in the midventral line 
of the thorax and forms the anterior boundary 
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Fig. 191. The sternum. Muscular origins have been ` 


colored red, and insertions blue. (A) Front view; 
the 4 sternebrae and the articulating facets are 
shown. (B) Side view. The formation of the sternal 
angle is seen best from this view. (C) Posterior view. 
This surface is smooth and is related to the pericar- 


of the thoracic cavity. It is shaped much like 
an old Roman sword, having a short handle 
called the manubrium, a longer blade called 
the body and a small piece of cartilage at its 
lower end known as the xiphoid (ensiform) 
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dium and the pleurae. (D) The 2 embryonic cartila- 
ginous plates from which the sternum is formed. 
(E) Side view to show the thoracic levels of the 
jugular notch, the manubriosternal joint and the 
xiphoid process. 


process. In early fetal life the sternum is repre- 
sented by right and left cartilaginous plates 
with which the rib cartilages articulate (Fig. 
191 D). Later, these two plates fuse, but this 
may be incomplete, resulting in a foramen. 
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Although the bone becomes ossified in late 
fetal life, the constituent parts of the body 
do not begin to fuse until puberty. During 
its early development it consists of 6 segments 
(sternebrae), but in the adult the 4 middle 
sternebrae become fused, resulting in the 3 
mature sternal parts named above. 

The manubrium is irregularly quadrilateral 
in shape and is the broadest and most massive 
part of the bone. Its anterior surface is rough, 
but the posterior is smooth. The upper border 
presents 3 notches, 2 of which are called 
clavicular notches which articulate with the 
clavicles, and a centrally placed suprasternal 
(jugular) notch. The latter can be felt easily 
through the skin and lies on the same horizon- 
tal plane as the disk between the 2nd and 
the 3rd thoracic vertebrae. At times, the left 
brachiocephalic (innominate) vein and the 
“right” brachiocephalic (innominate) artery 
barely reach above this notch. The manu- 
brium, which is about 2 inches long, lies about 
2 inches in front of the second thoracic verte- 
bra (Fig. 191 E). 

The body of the sternum is about 4 inches 
long and is made up of 4 sternebrae. In the 
adult, lines can be noted which mark the sites 
of fusion of the sternebrae as they cross the 
anterior surface of the body, between angular 
depressions on the sides. The lateral borders 
show a series of facets for the anterior extremi- 
ties of the costal cartilages. They are arranged 
in the following manner: a small facet above, 
with which a similar facet of the manubrium 
forms a cavity for the anterior extremity of 
the 2nd costal cartilage; a facet opposite the 
extremity of the first transverse ridge for the 
3rd costal cartilage, which is formed partly 
by the first and partly by the second piece; 
a facet opposite the second ridge, partly on 
the second segment and partly on the 3rd, 
for the 4th costal cartilage; a facet for the 5th 
costal cartilage, partly on the third and partly 
on the 4th segment, opposite the 3rd tran- 
sverse ridge and a facet at the side of the 4th 
segment for the 6th costal cartilage. At the 
lowest part of the lateral border, a small facet 
is noted which is completed by a similar one 
on the xiphoid for the 7th costal cartilage. 

The sternal angle (angle of Louis or Lud- 
wig) is that slight angle which is formed where 


Thorax: Bony Thorax 


the body and the manubrium meet (Fig. 191 
B). It is easily palpated beneath the skin and 
forms a most important landmark, since it lies 
over a number of important structures inside 
the thorax; its surface marks the place of at- 
tachment of the 2nd costal cartilage. It forms 
a convenient starting point to determine the 
number of a given rib and is on the same hori- 
zontal plane as the disk between the 4th and 
the 5th thoracic vertebrae. The sternomanu- 
brial joint is important in the mechanism of 
respiration, since it allows the body of the ster- 
num to move forward and backward like a 
door, while the manubrium remains station- 
ary. 

The medial attachments of the pectorales 
majores converge from the sternoclavicular 
joints in front of the manubrium to meet in 
the midline at the sternal angle; they then 
pass downward together along the middle of 
the body and diverge at the level of the 6th 
costal cartilage. The posterior surface is 
smooth and related to the pericardium and 
the pleurae. 


Xiphoid (Ensiform) Process. This is the small- 
est of the 3 sternal divisions and is variable 
in its appearance; it may be depressed or bent; 
and sometimes it has a bifid extremity or even 
may exhibit a perforation. It articulates with 
the body of the sternum above, but below it 
ends in a pointed extremity to which the linea 
alba attaches. Its upper border is at the level 
of the body of the 9th thoracic vertebra. At 
birth, the xiphoid (ensiform) process is made 
up of cartilage but usually becomes incom- 
pletely ossified in the adult. Its posterior sur- 
face gives attachment to the short anterior 
fibers of the diaphragm. 


Muscles Which Attach to the Sternum 


1. Pectoralis major—to the marginal area of 
the anterior surface of the manubrium and 
the body. 

2. Sternocleidomastoid—to the anterior sur- 
face of the manubrium. 

3. Sternohyoid—to the posterior surface of 
the manubrium. 

4. Sternothyroid—to the posterior surface of 


Sternoclavicular Joint 


the manubrium on a slightly lower level than 
the forementioned muscle. 

5. Transversus thoracis—to the posterior sur- 
face of the last segment of the body of the 
xiphoid. 

6. Diaphragm—to the posterior surface of 
the xiphoid. 

7. Aponeuroses of the external oblique, the 
internal oblique and the transversus mus- 
cles—to the lateral border of the xiphoid. 

8. Rectus abdominis—to the anterior surface 
of the xiphoid. 

Fractures of the sternum are rare, but when 
present they occur most frequently at the 
junction of the manubrium with the body; at 
this point the bone is thinnest. The ligamen- 
tous attachments usually protect underlying 
structures, but at times the upper fragment 
may pass behind the lower and compress the 
trachea or injure the aorta. 


Sternoclavicular Joint 


The line of the sternoclavicular joint (Fig. 192) 
passes from above downward and laterally. 
The articular surface of the clavicle is larger 
than the sternal facet; therefore, it comes in 
contact below with the Ist costal cartilage. 
In this way the sternal end of the 1st cartilage 
takes part in the articulation, in addition to 
the medial end of the clavicle and the clavicu- 
lar notch of the manubrium sterni. 
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The joint is surrounded by a rather loose 
capsular ligament, which is lined with syno- 
vial membrane and is attached to the margins 
of the articular surfaces. This ligament is 
strengthened behind and in front by the ante- 
rior and the posterior sternoclavicular liga- 
ments, whose fibers pass downward and medi- 
ally from the clavicle to the manubrium and 
the Ist cartilage. 

The interclavicular ligament stretches 
from clavicle to clavicle, across the upper sur- 
face of the capsule, and dips in the center 
to become attached to the floor of the supra- 
sternal (jugular) notch. It is a thickened liga- 
mentous band which is believed to be homolo- 
gous with the wishbone of the bird. 

The costoclavicular ligament extends up- 
ward, backward and laterally from the Ist cos- 
tal cartilage to an impression on the lower 
surface of the sternal end of the clavicle. It 
forms an important accessory ligament of the 
joint and helps to limit clavicular movements. 

The joint is divided into a medial (inferior) 
and a lateral (superior) compartment by an 
articular disk, which is attached to the clavicle 
in front and behind. This fibrocartilaginous 
disk, in addition to acting as a buffer which 
diminishes the shock of blows on the point 
of the shoulder, also assists in the limitation 
of movement of the joint and prevents a me- 
dial displacement of the clavicle. Synovial 
membrane lines the two compartments of the 
joint, and if the articular disk is perforated, 
the two become continuous. 
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Fig. 192. The sternoclavicular joint. A coronal section is shown on the left half of the illustration. A 


sternocostal joint is also shown. 
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Articular Relations 


The joint may feel subcutaneous, but in reality 
it is crossed by the tendon of the sternal head 
of the sternocleidomastoid muscle. The ster- 
nohyoid and the sternothyroid muscles sepa- 
rate it from the great vessels and the vagus 
nerve. Many large vessels occupy the position 
behind the joint, because of its great obliquity 
and the extent of its articulating surfaces. 
Therefore, on both sides, the internal jugular 
and the subclavian veins unite to form the 
brachiocephalic (innominate) vein, directly 
behind the joint. On the right side the innomi- 
nate artery divides into the right common ca- 
rotid and the subclavian, and on the left side 
the left common carotid and the left subcla- 
vian arteries ascend. On both sides the vagus 
nerve descends between the veins and the 
arteries (Fig. 183). 


Movements 


The movements of the sternal ends of the cla- 
vicle are always accompanied by movements 
of the acromial end of that bone, but in the 
opposite direction. Therefore, when the 
shoulders are pulled backward, the sternal 
ends of the clavicle are pushed forward; when 
the point of the shoulder is depressed, the ster- 
nal ends of the clavicle are tilted upward. The 
movements are associated with those at the 
acromioclavicular joint. When the shoulder is 
elevated or depressed the clavicle moves on 
the articular disk. Elevation of the shoulder 
is limited by tension of the costoclavicular liga- 
ment, and depression by the articular disk and 
the interclavicular ligament. 

In a dislocation involving the joint, the force 
is usually directed along the long axis of the 
clavicle so that the sternal end passes forward, 
tearing the anterior sternoclavicular ligament. 
The clavicle passes upward and comes to lie 
in the suprasternal notch, between the sterno- 
cleidomastoid in front and the sternohyoid 
and the sternothyroid behind. If such a dislo- 
cation is complete, the costoclavicular liga- 
ment is ruptured; then it is difficult to obtain 
reduction, because of the obliquity of the ar- 
ticular surfaces. Backward dislocation is rare, 
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but if this does occur, the posterior sternocla- 
vicular ligament is torn, and the clavicle com- 
presses the innominate vein, the trachea and, 
on the left side, the esophagus as well. 


Sternocostal Joints 


These joints are 7 in number and connect the 
superior 7 pairs of costal cartilages to the lat- 
eral margins of the sternum. Each is enclosed 
and reinforced by broad anterior and poste- 
rior sternocostal ligaments (Fig. 192). The me- 
dial supraclavicular nerves (C3, C4) supply the 
joint, and branches from the internal mam- 
mary and the clavicular branch of the thora- 
coacromial artery anastomose around it. 


Intercostal Spaces 


Muscles 


The muscles which are associated with the 
intercostal spaces are the external intercostal, 
the internal intercostal and the transversus 
thoracis. Corresponding intercostal nerves 
and vessels supply them (Figs. 193 and 194). 

The external intercostal muscle fibers are 
the thoracic representative of the external ab- 
dominal oblique. They pass downward and 
forward between adjacent borders of 2 ribs 
and become membranous in the intercartila- 
ginous portion of the space where they assume 
the name of the anterior intercostal mem- 
brane. The fleshy interosseous parts extend 
as far as the tubercles of the rib posteriorly. 

The internal intercostal muscle is the tho- 
racic representative of the internal abdominal 
oblique. These fibers run in the opposite direc- 
tion to those of the external. The fleshy fibers 
extend from the sternal ends of the spaces 
as far as the angles of the ribs posteriorly; here 
they become membranous and continue as 
the posterior intercostal membrane, which 
merges with the anterior costotransverse liga- 
ments. 

The transversus thoracis muscle is the tho- 
racic representative of the transversus abdom- 
inis and should be considered as having 3 
parts: the sternocostalis, the innermost inter- 
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Fig. 193. An intercostal space; a diagrammatic pre- 
sentation of two views, showing the relations of 
muscles, vessels and nerves. In the posterior part 


costal and the subcostal. The sternocostalis 
part has also been referred to as the transver- 
sus thoracis and the triangularis sterni; it is 
the most constant part of the muscle and is 
located on the back of the anterior wall of 
the thorax. It arises from the back of the xi- 
phoid and the body of the sternum as high 
as the 3rd costal cartilage and inserts into the 
costochondral junction from the 2nd to the 
6th rib. Its lowest fibers are horizontal and 
continuous with the uppermost part of the 
transversus abdominis muscle. The muscle has 
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of the space, the nerve is situated almost between 
the ribs, but from the angles of the ribs forward, 
it lies in the subcostal groove. 


three important features: it fails to cross the 
first two intercostal spaces; the internal mam- 
mary vessels descend in front of it; the pleura 
is immediately behind it. These relations are 
important during ligation of the internal 
mammary artery (p. 263). 

The innermost intercostal part is incom- 
plete and variable and passes from rib to rib 
deep to the internal intercostal. Its fibers pass 
in the same direction as those of the internal 
intercostal and can be distinguished from it 
only when separated by the intercostal nerves 
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Fig. 194. The transversus thoracis muscle. This has is the most constant in position, and the innermost 
3 parts, namely, the sternocostalis, the innermost intercostal the least constant: (A) anterior wall 
intercostal and the subcostal. The innermost inter- viewed from within; (B) posterior wall viewed from 
costal is shown in Figure 193. The sternocostalis within. 


Intercostal Spaces 


and vessels. Occasionally, some of the bundles 
skip over a rib and insert on the rib below. 
By its fascia it is connected to the sternocostal 
part anteriorly and the subcostal part posteri- 
orly. 

The subcostal (part) muscle is made up of 
slips that vary greatly in size and number. 
They lie on the internal surface of the lower 
ribs near their angles and may be looked upon 
as parts of the innermost intercostal which 
cover two intercostal spaces. 

There are 11 intercostal spaces: the upper 
9 are closed, but the lower 2 remain open 
anteriorly. They are all wider in front than 
behind; the widest is the 3rd, followed by the 
2nd and then the Ist. The 7th, the 8th, the 
9th, and the 10th are very narrow. The spaces 
are wider in inspiration than in expiration, 
and their width can be increased by bending 
the body to the opposite side. 

The subcostal groove in a typical rib is situa- 
ted on the deep surface of its sharp lower bor- 
der. It contains from above downward the re- 
spective intercostal vein, artery and nerve 
(V.A.N.). In the posterior part of the space 
the nerve is situated midway between the 
ribs, but from the angles of the ribs forward 
it lies in the subcostal groove. 


Blood Vessels 


Intercostal Arteries. Since there are 11 inter- 
costal spaces, there must be 11 intercostal ar- 
teries. These originate posteriorly and are des- 
ignated as the posterior intercostal arteries. 
The anterior intercostal arteries arise from the 
internal mammary (Fig. 195). Not all 11 poste- 
rior arteries arise from the aorta, since only 
the lower 9 have this origin; the upper 2 are 
branches of the highest intercostal, a branch 
of the costocervical trunk of the subclavian. 
The right aortic intercostals are longer than 
the left because of the position of the aorta 
to the left of the vertebral column. Each vessel 
divides into anterior and posterior branches. 
The posterior supplies the spinal canal, the 
back musculature and the overlying skin. It 
is the anterior branch of the posterior inter- 
costal artery which passes forward in the sub- 
costal groove. The intercostal vessels and their 
corresponding nerves pass anteriorly in the 
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plane between the innermost intercostal and 
the internal intercostal muscles. The lower in- 
tercostal vessels and nerves occupy a corre- 
sponding plane in the abdominal wall. Anteri- 
orly, the vessel divides into superior and 
inferior (collateral) branches which unite with 
those from the internal mammary artery. 
Since the lowest two intercostal spaces remain 
open, the lowest two intercostal arteries con- 
tinue on into the abdominal wall. 

The subcostal artery is the same as any in- 
tercostal artery, but since there is no 12th 
space, it assumes a separate name. 

The internal mammary artery arises from 
the undersurface of the first portion of the 
subclavian artery opposite the thyrocervical 
trunk (Fig. 196). It descends behind the inno- 
minate vein and the sternoclavicular articula- 
tion and then passes vertically downward on 
the deep surface of the thoracic wall about 
Y4 inch from the outer border of the sternum. 
It is covered by skin, fascia, pectoralis major 
muscle, anterior intercostal membrane, inter- 
nal intercostal muscle and costal cartilage. In 
the region of the 6th intercostal space, it ends 
by dividing into superior epigastric and mus- 
culophrenic branches. 

Opposite each of the upper 6 intercostal 
spaces the internal mammary gives off perfo- 
rating branches which pass forward through 
the intercostal spaces. In females the 2nd and 
the 3rd perforating branches are much larger, 
since they supply not only the overlying mus- 
cles and skin but the mammary gland as well. 

Corresponding to each perforating artery, 
the internal mammary also gives rise to 2 ante- 
rior intercostal arteries. These small vessels 
pass laterally, one lying near the lower border 
of the rib above, and the other lying near the 
upper margin of the rib below; they anasto- 
mose with the posterior intercostals. There- 
fore, each intercostal space has 3 intercostal 
arteries (1 posterior and 2 anterior); however, 
this is not true for the lowest 2 spaces, since 
they remain open and have no anterior 
branches. 

Of surgical importance is the fact that the 
internal mammary artery lies directly on the 
pleura in the first 2 intercostal spaces. Below 
this level the transversus thoracis separates 
the vessel from the pleural membrane. There- 
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Fig. 195. An intercostal artery and a spinal nerve 
(diagrammatic). The intercostal vessels and nerves 
pass in an intermuscular plane between the trans- 


fore, in order to avoid injury to the pleura, 
it is advisable to ligate the vessel below the 
first 2 interspaces. The vessel also supplies a 
slender branch, the pericardiophrenic, which 
accompanies the phrenic nerve. Because of 
its close relation to the nerve, the artery may 
be injured in the operation of phrenic avulsion 
and produce a hemorrhage large enough to 
necessitate ligation of the internal mammary 
artery. 

The superior epigastric artery continues in 
the original direction of the internal mam- 
mary; it descends through the diaphragm and 
enters the rectus sheath to anastomose with 
the inferior epigastric (external iliac). The 
musculophrenic passes downward and later- 
ally along the costal margin of the diaphragm 
which it perforates. It ends, much reduced 
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versus thoracis (innermost intercostal) and internal 
intercostal muscles. 


in size, opposite the last intercostal space and 
supplies intercostal branches to spaces 7, 8 
and 9. 

Ligature of the internal thoracic (mam- 
mary) artery is performed through a trans- 
verse incision in the anterior end of the 3rd 
interspace. The pectoralis major is divided in 
the line of its fibers, and the anterior intercos- 
tal membrane is exposed. This is incised, ex- 
posing the internal intercostal muscle. The 
vessel and its veins are found lying between 
the internal intercostal and the transversus 
thoracis (sternocostal part) muscles. 

The internal thoracic (mammary) veins 
(venae comitantes of the internal mammary 
artery) unite opposite the 3rd costal cartilage, 
or a little lower, to form a single venous trunk 
which ascends along the medial side of the 


Intercostal Spaces 


Subclavian 
a.and v. 
Brachio- 
cephalic 
(innomin- 
ate) V: 
Sup venas 
cava | 
Internal 
mammary“ 
aandvyv. 














be 


265 


Trachea 
-ai . common 
v carotida. 


Subclavi- 

V anvanda 
Brachiocephalic 

(innominate) v: 
Internal 
mammary 

a.and vv 


Fe... 
ï 


5. 








up. epigastric a. 


Fig. 196. The internal mammary vessels. 


artery and enters the brachiocephalic (in- 
nominate) vein at the thoracic inlet. These 
veins possess numerous valves and receive 
branches from the anterior intercostal veins 
of the upper 6 spaces, perforating branches, 
muscular branches, mediastinal, pericardial 
and thymic veins as well as the superior epi- 
gastric and musculophrenic venae comitantes. 
The internal thoracic (mammary) vessels are 
covered in their lower portions posteriorly by 
the transversus thoracis muscle, but in the up- 


per part are in direct contact with the parietal 
pleura. The internal thoracic (mammary) ves- 
sels are crossed anteriorly by the intercostal 
nerves and are associated with lymph glands. 


Arrangement of the 12 Spinal Nerves 


The spinal nerves (Fig. 195) are arranged seg- 
mentally and are attached to the spinal cord 
by 2 roots: an anterior which is motor (effer- 
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ent) and a posterior which is sensory (afferent). 
The posterior root has a ganglion on it. These 
roots leave the vertebral canal via the inter- 
vertebral foramina and immediately join to 
form a spinal nerve. Since this nerve has both 
sensory and motor fibers, it is spoken of as a 
mixed nerve; it divides into anterior and pos- 
terior rami. The anterior rami are larger and 
have a tendency to form plexuses (cervical, 
brachial, lumbar, sacral and pudendal), but the 
smaller posterior rami supply the muscles of 
the back and, in addition, the overlying skin. 

An intercostal nerve is the anterior nerve 
ramus. There are 12 pairs of such thoracic 
or intercostal nerves, 11 of which are truly 
intercostal and 1 subcostal. The 12th is the 
subcostal since it has to run its course in the 
abdominal wall and not in an intercostal space. 
The lst intercostal nerve also differs some- 
what because the greater part of it goes into 
the formation of the brachial plexus. Each 
nerve sends a white ramus communicans to 
a corresponding sympathetic ganglion and re- 
ceives a gray ramus communicans from it. 

A typical intercostal nerve continues for- 
ward and supplies muscular and 2 cutaneous 
branches. The cutaneous branches are: (1) the 
lateral cutaneous nerve, which emerges in the 
midaxillary line, divides into anterior and pos- 
terior branches and supplies the side of the 
chest; (2) the anterior cutaneous nerve, which 
is the termination of the intercostal, appears 
at the inner end of an intercostal space, where 
it supplies the skin over the sternum and the 
front of the chest. Since the Ist thoracic nerve 
is mainly given to the formation of the bra- 
chial plexus, it is very small and supplies nei- 
ther lateral nor anterior cutaneous branches. 
The 2nd intercostal nerve has lateral and ante- 
rior cutaneous branches, but its lateral branch 
does not divide in two, since it crosses the 
axilla as the intercostobrachial nerve, which 
supplies the skin of the posteromedial aspect 
of the arm as far as the elbow. The 7th supplies 
the region of the epigastrium; the 10th, the 
umbilical region; and the 12th innervates that 
region which is situated midway between the 
umbilicus and the pubis. Nerves 2, 3, 4, 5 and 
6 run typically intercostal or thoracic courses, 
but 7, 8, 9, 10 and 11 travel partly in the tho- 
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racic and partly in the abdominal wall, thus 
taking a thoracico-abdominal course. 

The typical thoracic nerves 2 to 6 are sepa- 
rated from the pleura by the innermost inter- 
costal muscle and the transversus thoracis. Af- 
ter supplying the intercostal muscles, they 
cross in front of the internal mammary artery 
and in company with the perforating artery, 
pierce the internal intercostal muscle, the an- 
terior intercostal membrane and the pecto- 
ralis major, terminating as an anterior cutane- 


“ous nerve of the thorax. 


In the abdominal course, the thoracico-ab- 
dominal nerves (7th to 11th) leave their inter- 
spaces between the diaphragm and the trans- 
versus abdominis and pass between the 
internal oblique and the transversus abdom- 
inis to the back of the rectus sheath. After 
piercing the sheath they travel in front of the 
superior or inferior epigastric artery, supply 
and pierce the rectus abdominis muscle and 
continue to the anterior abdominal wall; fi- 
nally, in company with a cutaneous branch 
of the epigastric artery they end as anterior 
cutaneous nerves of the abdominal wall. 

The intercostal and subcostal nerves supply 
the following muscles: external and internal 
intercostals, subcostals, transversus thoracis, 
levator costarum, external and internal 
oblique, transversus abdominis, rectus abdom- 
inis, and pyramidalis. Dorsally, these nerves 
supply the serratus posterior superior and the 
serratus posterior inferior. 

The upper 6 intercostal nerves do not reach 
the midline of the body but end at the inner 
side of the intercostal space. This is of some 
diagnostic importance, since a swelling over 
the center of the sternum could not be a cold 
abscess which has tracked around from the 
spine along the course of the intercostal nerve, 
because such a collection could not extend 
beyond the lateral edge of the sternum. These 
intercostal nerves run an oblique course, but 
the area supplied by any one of them is hori- 
zontal. Head has shown that before anesthesia 
is evident in the region of their nerve distribu- 
tion, at least 3 contiguous nerves must be di- 
vided since the overlapping from the nerve 
above and the nerve below would compensate 
for any injury to a single nerve. 


SECTION 3 THORAX 


Chapter 11 


Breast (Mammary Gland) 


Embryology and Embryologic 
Malformations 


Although the mammary glands do not come 
into use until adult life, nevertheless, they are 
the first of all the glands which arise from the 
epidermis to appear during the development 
of the embryo. In a 6-weeks-old human em- 
bryo an ectodermal ridge, known as the milk 
line or primary ridge, is noted. This thickening 
extends along the body wall on either side 
from the axilla to the groin. In the human it 
atrophies, but a small portion remains in each 
pectoral region, which becomes the mam- 
mary gland. Since these ridges consist of tissue 
which is potentially mammary, failure of their 
normal disappearance will result in the persis- 
tence of accessory breast tissue. Such tissue 
remains along the line and can appear any- 
where from the axilla to the inner aspect of 
Scarpa’s triangle (Fig. 197). The rare presence 
of accessory breast tissue in locations such as 
the gluteal region and the shoulder can be 
explained only by an ectopic placement of the 
milk ridge. Normally, that portion of the ridge 
which is located in the pectoral region starts 
to grow inward in the shape of buds, which 
form slender tubes and from them the ducts 
and the secreting tissues of the breast eventu- 
ally develop. The nipple is either flat or de- 
pressed at birth and only later does it evert 
so that it projects above the surrounding skin 
(Fig. 198). 

The congenital abnormalities which may 
occur are (Fig. 199): 


1. Polymastia. This condition presents more 
than one breast on one or both sides and is 
due to the persistence of part of the milk 
ridge. The accessory breast may be well devel- 
oped or tiny, and instances have been noted 
where these breasts have been used for suck- 
ling. As many as 10 have been recorded in 
one individual. 
2. Polythelia. This condition is one in which 
supernumerary nipples are found over a given 
breast and not necessarily on the milk ridge. 
3. Gynecomastia. This is the presence of a 
female breast or breasts in the male. 
Congenital absence, amastia, either unilat- 
eral or bilateral, has also been recorded. Uni- 
lateral amastia is believed to be due to pres- 
sure of an arm in utero against the pectoral 
region. When this exists the pectoral muscles 
on the affected side are also atrophic or absent. 


Mammary Gland Proper 
(Structure and Form) 


The mammary gland extends vertically from 
the 2nd to the 6th rib inclusive and horizon- 
tally from the side of the sternum (parasternal) 
to the midaxillary line. The greater part of 
the breast, about two thirds, rests on the pec- 
toralis major muscle; and the rest, about one 
third, on the serratus anterior (Fig. 200). The 
breast is hemispherical in shape, but tongue- 
like processes may extend upward, downward 
or medially from it; the most common of such 
processes is the so-called axillary tail of 
Spence (Fig. 201). This is a prolongation of 


267 


268 


Fig. 197. The milk lines. These ridges consist of 
potential mammary tissue, and their failure to dis- 
appear would result in accessory breasts. 


breast tissue from the upper outer part of the 
breast, which passes through an opening in 
the axillary fascia, called the foramen of Lan- 
ger. Therefore, although the breast proper is 
superficial to the axillary fascia, the axillary 
tail is deep to this fascia. Such a process is 
in direct contact with the axillary glands; 
therefore, if it is enlarged it may be mistaken 
for an axillary tumor or for axillary lymph ade- 
nopathy. 

Since the breast is a modified sebaceous 
gland, it lies in the superficial fascia and not 
upon or deep to it. The deep surface rests 
on the fasciae which cover the pectoralis ma- 
jor and the serratus anterior muscles. The 
gland is made up of lobes (usually 12) which 
are subdivided into lobules, and these in turn 
are composed of acini. The lobes are arranged 
like the spokes of a wheel which converge 
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Fig. 198. The development of the mammary 
gland: (A) ectoderm; (B) mesoderm (subcutaneous 
tissue); (C) pectoralis major muscle—(1) At the 2nd 
month, (2) at the 3rd month, (3) at the 5th month, 
(4) at birth. 


on the nipple, and each lobe is drained by a 
lactiferous duct; from 12 to 20 such ducts open 
onto the nipple (Fig. 202 A). The organ is fixed 
to the overlying skin and the underlying pec- 
toral fascia by fibrous bands known as Cooper’s 
ligaments (Fig. 202 B). These are clinically 
important because cancer cells invade them 
and subsequently cause their contraction, 
which results in dimpling of the skin or fixa- 
tion of the growth. By the same process, a 
malignant tumor may be fixed to the underly- 
ing pectoral fascia and then cannot be moved 
in the long axis of the muscle. The ducts open 
independently of each other on the surface 
of the nipple, and each has a dilated ampulla 
just before it ends. The nipple is conical in 
shape and usually is found in the 4th intercos- 
tal space. Its base is surrounded by a circular 
pigmented area called the areola, which has 
many small rounded elevations (cutaneous 
glands) known as the areolar glands of Mont- 
gomery. These are sebaceous glands for lubri- 
cation of the nipple during lactation. 


Vessels, Nerves and Lymphatics 


Arteries. The arterial supply is derived chiefly 
from two sources: namely, the anterior perfo- 
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Fig. 199. Congenital abnormalities of the breast. 







Serratus .-4 
anterior ZN 
Areola~”’ 1 SŘ 
Papilla” ie 


Areolar ,} | 2 7 
glandas” PE a, 





(of Mont- asf ff 
gomery) Sf 
Fig. 200. The normal, adult, female breast. Fig. 201. The axillary tail of Spence. 


270 








Lactiferous 
sinuses y 


Lactiferous 
ducts “a 


= 
= 
me 
e 
-u 
=a 


- 
e7 
= 
4 =T 
=” 
= 


= 
=r" 
a" 


Thorax: Breast (Mammary Gland) 


aT -.Pectoralis 
major m. 


Fig. 202. Cross section of an adult female breast: (A) the breast dissected layer by layer; (B) attachments 


of Cooper’s ligaments. 


rating branches of the internal thoracic (mam- 
mary) artery and mammary rami of the axil- 
lary or one of its main branches (Fig. 203). 
Anson, Wright and Wolfer are of the opinion 
that no mammary branches are derived from 
the anterior intercostal arteries. 

The anterior perforating arteries are 
branches of the internal mammary. The first 
4 or 5 of these supply the breast, but only 2, 
usually the lst and the 4th (or the 2nd and 
the 3rd) are well developed; however, almost 
all of these vessels have a tendency to travel 
transversely and cephalad to the nipple. 

The lateral thoracic artery, a branch of the 


second part of the axillary, descends along the 
lateral margin of the breast and sends small 
branches into the gland, but its larger 
branches are distributed to the thoracic wall. 
Mammary branches of this latter vessel also 
have a tendency to travel transversely across 
the breast and in this way anastomose with 
the mammary rami of the perforating arteries. 
The thoracoacromial artery, also a branch of 
part two of the axillary, is usually described 
as being one of the vessels which supply the 
breast tissue. This apparently is incorrect, 
since the pectoral branches of this vessel re- 
main on the deep aspect of the pectoralis ma- 
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Fig. 203. The arterial supply of the breast. (A) The 
arterial supply of the breast is derived from two 
sources: anterior perforating branches of the inter- 


jor, supply it and do not enter the gland (Fig. 
203 B). 

Therefore, blood is supplied to the breast 
from two arterial sources: (1) the anterior per- 
forating branches of the internal thoracic 
(mammary) and (2) the lateral thoracic arte- 
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nal mammary artery and the lateral thoracic artery. 
(B) The thoracoacromial artery supplies the pecto- 
ralis major muscle and not the breast. 


ries. Since these vessels pass cephalad to the 
nipple and in a transverse direction, the blood 
supply of the gland is located mainly at its 
superomedial and superolateral aspects. 
Therefore, an incision into the breast should 
be placed below the nipple to preserve the 
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blood supply and to make the scar less visible. 
Since no major vessels reach the gland from 
its inferior aspect, plastic procedures on the 
pendulous breast as well as diagnostic incisions 
into the breast should be placed in the inferior 
quadrants. 


Veins. Although the main veins follow the ar- 
terial pattern just described, many of the 
smaller veins resemble the lymphatics and 
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form a plexus beneath the areola. These are 
especially visible in the lactating breast. Large 
veins pass from the plexus toward the periph- 
ery and end in the axillary and the internal 
mammary veins. 


Lymphatics. The lymph drainage consists of 
3 parts: cutaneous, areolar and glandular (Fig. 
204). 


1. The cutaneous lymphatics carry the lymph 
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Fig. 204. The lymph drainage of the breast: (A) the cutaneous and glandular lymphatics; (B) the areolar 


lymphatics. 
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from the integument of the breast, with the 
exception of the areola and the nipple, and 
converge in collecting trunks, which flow into 
the axillary glands of the same side. At the 
inner quadrants, and especially those near the 
sternum, lymphatics may cross and terminate 
in the breast or axillary nodes of the opposite 
side. 

2. The areolar lymphatics drain the nipple 
and the areola and pass into the subareolar 
plexus of Sappey (Fig. 204 B). The plexus is 
drained by two main lymph channels: one for 
the inner part and one for the outer. They 
usually unite into one main trunk, which 
passes to the anterior group of axillary nodes. 
3. The glandular lumphatic (anterior axillary 
or pectoral or superficial) set is really the main 
group and is placed under the anterior axillary 
fold, following the course of the lateral tho- 
racic vein. These nodes are found in the re- 
gion of the 3rd rib. From this set the nodes 
drain to the central axillary set, which is situa- 
ted in the fat of the upper part of the axilla, 
under the axillary tuft of hair and along the 
inner border of the axillary vein. The intercos- 
tohumeral nerve passes outward between 
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these nodes, and enlargement of the latter 
may produce pressure on the nerve, resulting 
in pain along the axilla or inner border of the 
arm. From here the lymph vessels pass to the 
deep axillary nodes part of which form a lat- 
eral group which passes along the course of 
the axillary vein; the other part forms the api- 
cal group which has also been referred to as 
the infraclavicular nodes. These nodes lie be- 
hind the costocoracoid membrane. Therefore, 
it is impossible to free them adequately unless 
the whole region of the costocoracoid mem- 
brane is removed. The deep axillary nodes be- 
come continuous with the deep cervical nodes 
in the supraclavicular fossa. 

Although the above path is the usual one 
taken, there are other lymphatic zones of can- 
cer spread. Some of the lymphatics from the 
upper and the outer quadrants of the breast 
form a trunk that pierces the pectoralis major 
muscle and directly enters the gland along 
the axillary vein, thereby short-circuiting the 
axilla. Lymphatics also leave the inner quad- 
rant of the breast and reach the glands inside 
of the chest cavity, lying on each side of the 
internal mammary artery (Fig. 205). Occasion- 





Fig. 205. Transverse section through the thorax, showing paths of lymph drainage from the breast. 
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ally, a few vessels pass to the cephalic nodes 
which lies in the deltopectoral groove. In 
some instances breast cancer may spread 
downward in the lymphatics to the epigastric 
region and there invade the abdominal wall. 
Development of metastases in the liver and 
in the pelvic cavity can be explained by such 
permeation. It is possible for cancer from one 
breast to spread across the midline to the 
other subpectoral plexus, then to the opposite 
axilla and finally to the opposite breast. The 
pectoral lymph plexuses should not be re- 
garded as separate systems but rather as com- 
municating networks. 

There are many other ways of describing 
the lymph drainage or lymphatic filter of this 
region. Using the nomenclature of Poirier, Cu- 
neo and Rouviere, 6 different lymph node 
groups are described. 

l. External mammary nodes. This chain lies 
beneath the lateral edge of the pectoralis ma- 
jor muscle and follows the course of the lateral 
thoracic artery on the chest wall from the 2nd 
to the 6th rib. 

2. Scapular nodes. These nodes lie close to 
the scapular vessels and their thoracodorsal 
branches from the point of origin of the sub- 
scapular vein to the insertion of these vessels 
into the latissimus dorsi muscles. The thoraco- 
dorsal nerve runs through these scapular 
nodes. 

3. Central nodes. These are found imbedded 
in the fat in the center of the axilla. These 
are the nodes that are most easily palpated 
in the axilla; hence, are the ones on which 
our clinical estimate of axillary node involv- 
ment is based. These nodes are the largest 
and most numerous of the axillary nodes, and 
they are the group in which metastases are 
most frequently found. 

4. Interpectoral nodes. These lie between the 
pectoralis major and minor muscles along the 
pectoral branches of the thoracoacromial ves- 
sels. They are known as Rotter’s nodes; he 
discussed them in 1899 and emphasized their 
importance. They are usually small and vary 
from 1 to 4. Some authorities, especially Haag- 
ensen, emphasize the importance of these 
nodes relative to classification and prognosis 
of carcinoma of the breast. 

5. The axillary vein nodes. These lie along 
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the lateral portion of the axillary vein. If they 
are not attached to the vein, they can be re- 
moved easily. 

6. The subclavicular nodes. These are situa- 
ted along the ventral and caudal aspects of 
the axillary vein. They become accessible after 
division of the pectoralis minor muscle. 

In a rather detailed study, Durkin and 
Haagensen stress the importance of a “clear- 
ing technique” for the identification of axillary 
lymph nodes. This is a different method of 
identification; and, according to them and oth- 
ers, it is far more accurate than the usual hand- 
dissection method. They emphasize that Rot- 
ter’s (interpectoral) lymph nodes are missed 
in modified and radical mastectomies when 
the “clearing technique” is not used. They feel 
very strongly that surgeons who perform lim- 
ited operations in which the pectoral muscles 
and the interpectoral nodes are not removed 
lose the opportunity of “curing” the patients 
who have interpectoral node involvement. 


Nerves. The nerve supply of the skin of breast 
is derived from the anterior and lateral 
branches of the 4th to the 6th intercostal 
nerves, which reach it by way of the 2nd to 
the 6th intercostals. 


Surgical Considerations 


Breast Abscess 


Breast abscesses may be subcutaneous, intra- 
mammary or submammary. The incision for 
a subcutaneous or inframammary abscess 
should be so placed that it radiates from the 
nipple but never transversely across the 
breast. If the abscess is deeper, submammary 
or retromammary, this incision is not utilized, 
but instead a thoracomammary approach in 
the inframammary fold is used. This is the 
same incision that is utilized for benign tumors 
of the breast, since practically any portion of 
the gland can be examined through it (Fig. 
206 A). With the breast retracted upward and 
medially, the incision is placed in the pig- 
mented line. Then it is carried down to the 
underlying muscle, and the breast is displaced 
upward. The necessary procedure is done, be 
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Fig. 206. Inframammary approach to breast pathology: (A) incision in inframammary fold; (B) removal 


of small benign tumor; (C) closure. 


it draining an abscess or removing a tumor. 
The breast is permitted to fall back into its 
normal position where it is sutured. 


Radical Mastectomy 


Radical mastectomy can be outlined in 6 ana- 
tomic steps, each having 3 substeps. This is 
only a plan and may be altered to fit any stan- 
dard technic (Fig. 207). The plan is outlined 
as follows: 


l. Incision: 

A. Coracoumbilical line 

B. Mobilization of skin medially to the midline 
of the sternum 

C. Mobilization of skin laterally to the latissi- 
mus dorsi (posterior axillary fold) 

2. Axillary Fascia Step: 

A. Incision of axillary fascia along the lower 
border of pectoralis major 

B. Division of the pectoralis major near its 
insertion, leaving the clavicular part intact 
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Fig. 207. Radical mastectomy. (A) The incision ex- 
tends around the breast from the coracoid process 
to the umbilicus. The musculature in this region 
is shown. (B) A finger is placed through an incision 
in the axillary fascia, it emerges at the claviculoster- 
nal groove of the pectoralis major and not at the 
deltopectoral groove. This permits the clavicular 
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portion of the muscle to remain intact and in this 
way protects the cephalic vein. (C) A finger is 
placed through an incision in the clavipectoral fas- 
cia. The finger passes under the pectoralis minor 
muscle, which is severed close to the coracoid pro- 
cess. The thoracoacromial vessels have been di- 


vided and tied. 
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Fig. 208. Radical mastectomy. (A) The axillary vein 
is exposed by dividing the axillary sheath. The ves- 
sels below this vein are individually identified, se- 
vered and tied, and the axillary fat and lymph 
glands are dissected distally. (B) The entire mass 
is dissected downward. The attachments of the pec- 
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toral muscles are divided, and the perforating ves- 
sels are cut and ligated. If possible, the long thoracic 
and thoracodorsal nerves are saved. The rectus 
sheath is exposed and at times removed. (C) Clo- 
sure. 
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C. Division and ligation of the thoracoacro- 
mial vessels and nerves 

3. Clavipectoral Fascia Step: 

A. Incision into the clavipectoral fascia along 
the lower border of the pectoralis minor 

B. Division of the pectoralis minor muscle 
C. Insertion of the pectoralis minor utilized 
as an axillary vein splint 

4. Axillary Vein Dissection: 

A. Clamp, cut and ligate all venous tributaries 
B. Axillary nodes and fat dissected downward 
C. Subscapular vessels used as a guide to the 
thoracodorsal nerve 

5. Posterolateral Dissection: 

A. Exposure of the subscapular muscle 

B. Exposure of the latissimus dorsi 

C. Exposure of rectus abdominis 

6. Medial Dissection: 

A. Dissection of pectoralis major and minor 
muscles 

B. Clamp and ligate perforating vessels 

C. Remove mass en bloc and close 


Incision. Many incisions have been advised; 
however, the one described extends from the 
coracoid process above, which is always palpa- 
ble, to the umbilicus below, which is always 
visible (Fig. 207 A). Forceps are placed in the 
breast, which is elevated, and then traction 
is made laterally; the incision is placed along 
the coracoumbilical line. Next, traction is 
made to the opposite side, and the incision 
is completed along the coracoumbilical line. 
The lateral and medial skin flaps are formed; 
they extend medially past the midline of the 
sternum and laterally to the latissimus dorsi. 


Axillary Fascia. The second step is the axil- 
lary fascia phase. This fascia provides a cover- 
ing for the pectoralis major muscle. An inci- 
sion is placed into the fascia along the lower 
border of the pectoralis major (Fig. 207 B). 
The index finger of the left hand is placed 
through the defect and is guided, not to the 
deltopectoral groove, which seems natural, 
but rather to the claviculosternal groove, 
which is not as well marked. If the clavicular 
portion of the pectoralis major muscle remains 
intact, it protects the cephalic vein, which 
runs in the deltopectoral groove. In the course 
of the operation it might become necessary 
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to ligate or remove the axillary vein; if the 
cephalic vein is intact, the venous return of 
the superior extremity will not be impaired. 
The pectoralis major is cut near its insertion, 
and its sternoabdominal part is reflected medi- 
ally. As the pectoralis major is reflected medi- 
ally, the thoracoacromial vessels and the ante- 
rior thoracic nerves appear as a neurovascular 
bundle along the medial border of the pecto- 
ralis minor. These are clamped, severed and 
ligated. 


Clavipectoral Fascia. The 3rd step is the cla- 
vipectoral fascia phase. This fascia provides 
the covering for the pectoralis minor muscle. 
It is incised along the lower border of the pec- 
toralis minor, so that the index finger of the 
left hand may be slipped under it and around 
the muscle (Fig. 207 C). The pectoralis minor 
is divided, but a small part is left attached 
to the coracoid process; this acts as a splint 
for the axillary vein. With both pectoral mus- 
cles divided and retracted medial and down- 
ward, the axilla is exposed and then is ready 
for dissection of its contents. 


Axillary Vein Dissection. In the axillary vein 
phase, the axillary sheath which covers the 
vein is opened carefully, and the vascular 
branches below the vein are individually iden- 
tified, cut and tied (Fig. 208 A). These usually 
include the short thoracic vein, the lateral tho- 
racic artery, the long thoracic vein, the subsca- 
pular vein, the lateral thoracic vein and the 
subscapular artery. The axillary lymph nodes 
and fat are dissected downward. The subsca- 
pular vessels act as a guide to the thoracordor- 
sal nerve, and the lateral thoracic artery is 
the guide to the long thoracic nerve. If possi- 
ble, these nerves should be saved, but if they 
are involved they must be sacrificed. 


Posterolateral Dissection. This is carried out 
next. After the axillary cleansing has been ac- 
complished, the subscapular muscle, the teres 
major and the latissimus dorsi come to view; 
the rectus sheath is also exposed. 


Medial Dissection. This is the final stage. The 
origins of the pectoralis major and minor are 
severed, the mass is retracted laterally and 
downward, and the perforating vessels are 
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sought in the intercostal spaces; they are 
found close to the lateral margin of the ster- 
num (Fig. 208 B). These must be clamped, 
cut and ligated, with special emphasis being 
placed on perforating branch Number 2, 
which has been discussed thoroughly (p. 270). 
The entire mass is removed en bloc, and the 
wound is closed (Fig. 208 C). At times skin 
grafts may be necessary. 

Currently, supraradical mastectomy is ad- 
vocated by some surgeons for carcinoma of 
the breast. These procedures vary according 
to one’s definition of “radical.” Some surgeons 
advocate internal mammary artery (lymph 
node) dissection. Other surgeons advocate less 
radical procedures, varying from modified 
radical (axillary dissection) to simple mastec- 
tomy (removal of the breast) to the so-called 
tylectomy (lumpectomy). This is an individual 
problem and is dependent on the philosophy 
and experience of the given surgeon and the 
preference of the patient. 
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Reconstructive Surgery of the Breast. In re- 
cent years there has been a resurgence of re- 
constructive procedures. The hypoplastic 
breast can be augmented with soft Silastic im- 
plants. Surgical techniques have been refined 
to make possible the correction of hypermas- 
tia, ptosis and asymmetry. Furthermore, there 
are those who treat fibrocystic disease of the 
breasts by a subcutaneous mastectomy with 
retention of the nipple-areola area and the 
immediate reconstruction of the breasts utiliz- 
ing Silastic prostheses. A variety of incisions 
have been used to perform augmentation 
mammaplasties. These incisions are infra- 
mammary, axillary, periareolar and transareo- 
lar. The most popular at the present time is 
the inframammary. 

Reduction mammaplasty has now become 
a popular procedure and there are many tech- 
nical approaches to this operation. A personal 
and historical note: my father pioneered with 
nipple transplantations in 1922. 


SECTION 3 THORAX 


Chapter 12 


Diaphragm 


The word diaphragm is derived from the 
Greek “dia” (in-between) and “phragma” 
(fence). It is a dome-shaped, musculoaponeu- 
rotic partition which is located between the 
thorax and the abdomen. 


Embryology 


The embryology of the diaphragm is compli- 
cated because the diaphragmatic elements are 
derived from several sources. The anterior, 
lateral and central parts, which make up the 
greater portion, are formed from the trans- 
verse septum and the fused ventral mesen- 
tery. The posterolateral portion is formed by 
the fusion of the dorsal mesentery and the 
mesoderm derived from the receding wolffian 
body and the pleuroperitoneal membrane. 
Some embryologists divide diaphragmatic de- 
velopment into 3 stages. 

In the lst stage, the coelomic space is a con- 
tinuous one until the growth of the organs 
divide it into pericardial, pleural and perito- 
neal cavities. The septum transversum forms 
the ventral part of the diaphragm; the pericar- 
dial cavity lies ventral to it. Since the septum 
is confined to the ventral half of the embryo, 
the pleural space remains continuous with the 
peritoneal cavity posteriorly. This resulting 
continuity is the pleuroperitoneal canal, and 
the developing esophagus, stomach and its 
mesentery pass through it. Should the devel- 
opment proceed only to this point, the abdom- 
inal organs would have a direct route into the 
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thorax. A hernia formed during this stage 
would have no sac. 

In the 2nd stage, the pleuroperitoneal canal 
becomes obliterated by the proliferation of 
the primitive dorsal mesentery of the stomach 
and the esophagus. The pleural and peritoneal 
cavities are now fully formed and if a hernia- 
tion should occur during this phase, a sac 
would be present. 

During the 3rd or final phase, the phrenic 
nerve with a muscle mass invades the dia- 
phragm. This muscle replaces the membra- 
nous structures; the last area to be muscular- 
ized is the dorsal part. If the ingrowth of 
muscle is incomplete, the posterior part will 
be closed only by pleura and peritoneum. In 
these cases, the crura of the diaphragm, which 
form the back of the muscle, will be absent 
in whole or in part. 


Diaphragm Proper 


Adult Diaphragm. This musculotendinous 
partition is located between the pleurae and 
the pericardium above and the peritoneal cav- 
ity below. When relaxed and viewed from be- 
low, it forms a dome-shaped roof for the abdo- 
men. Its circumferential part is fleshy, and 
these muscle fibers curve upward and inward 
from every side to join the edges of an aponeu- 
rotic sheath called the central tendon (Fig. 
209). It is this tendon which acts as the site 
of insertion for the diaphragm. The central 
tendon is strong, its tendinous bundles passing 
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Fig. 209. The diaphragm viewed from below. The central tendon consists of 3 lobes and is the site of 
insertion of the diaphragm. The 4 points of origin have been identified. 


in different directions and interlacing with 
one another, giving it a pleated appearance. 
At times it has a trilobate appearance. Its me- 
dian part is wide and is called the median 
lobe; the extremities or horns of the tendon 
are referred to as the right and the left lobes. 
The latter is the narrower. The tendon is in- 
separably blended above with the fibrous 
layer of the pericardium. 


Origin. The origin of the diaphragm is quite 
extensive and takes place at the circumfer- 
ence of the thoracic outlet. It is best to con- 
sider it as originating at 4 points: sternal, cos- 
tal, the crura, and the medial and lateral 
arcuate ligaments (Figs. 209 and 210). 


The sternal origin consists of short right and 
left slips from the posterior aspect of the xi- 
phoid process which are separated from each 
other by a little areolar tissue. These fibers 
pass upward and backward to the anterior 
margin of the central tendon where they in- 
sert. 

The costal origin is extensive and rises at 
a very steep angle. It usually consists of 6 
fleshy muscle bundles which arise from the 
deep surface of the lower 6 costal cartilages, 
interdigitating with the costal origin of the 
transversus abdominis muscle. These fibers in- 
sert into the lateral and anterior borders of 
the central tendon. 

The crura are long tapering bundles which 
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Fig. 210. The diaphragm viewed from in front. The lower costal cartilages have been removed to 


show the 4 points of origin. 


are fleshy above and tendinous below. The 
right crus ‘arises from the sides of the bodies 
of the upper 3 lumbar vertebrae and the inter- 
vertebral disks; the left arises from the upper 
2 lumbar vertebrae. The medial fibers of the 
2 crura decussate in front of the commence- 
ment of the abdominal aorta; the fibers of the 
right crus encircle the esophagus. Both crura 
ascend forward and reach the posterior bor- 
der of the central tendon. 

The arrangement of the crura have a num- 
ber of variations. Typically, the right crus 
forms both the right and left sides of the 
esophageal hiatus and sends a well-developed 
bundle of muscle fibers towards the left be- 
tween the aortic hiatus and the esophageal 
hiatus. In a common variation the left crus 


Central Tendon 





Esophageal 


sends a relatively small band to the right to 
join the right crus. 

Listerud and Harkins wrote an intriguing 
article on the anatomy of the esophageal hia- 
tus in which they describe J1 types of ar- 
rangements of the crura. If one wishes to study 
this in detail and become somewhat bewil- 
dered, it is an excellent work based on 204 
fresh cadaver dissections. Their most common 
varieties are illustrated in Figure 211. In one 
type, the right crus of the diaphragm contrib- 
utes all of the fibers that form the hiatus. The 
right margin is formed by a muscle arising 
from the anterior aspect of the 2nd to the 
4th lumbar vertebrae and passing superiorly 
and anteriorly to insert into the central ten- 
don. The left margin is formed by a muscle 






hiatus f 
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Fig. 211. Many types of diaphragmatic crura have been described. The most common types are illustrated 


here. 


Foramina (openings) 


with similar origins to the above. This muscle 
passes posterior and superior to the right bun- 
dle, encircles the esophagus anteriorly and in- 
serts into the central tendon. 


Ligaments. The lateral and medial arcuate 
ligaments (lumbocostal arches) are lateral to 
the crura. The medial arcuate ligament is the 
upper thickened border of the psoas fascia 
which stretches between the side of the body 
of the 2nd and the tip of the transverse process 


of the lst lumbar vertebrae. The lateral arcu- 


ate ligament is the thickening of the anterior 
lamella of the lumbar fascia which extends 
from the tip of the first lumbar transverse pro- 
cess to the lower border of the last rib. From 
this origin, the muscle fibers arch upward to 
reach the posterior border of the lateral part 
of the central tendon. 


Nerves. The nerve supply of the diaphragm 
is derived from the right and the left phrenic 
nerves (C3, C4, C5). 


Arteries. The arteries that supply it are the 
pericardiophrenic, the inferior phrenic, the 
musculophrenic and the intercostals. 


Actions. The diaphragm is the chief muscle 
of respiration and it is in the abdominal type 
of breathing that it plays its greatest role. 
When its fibers contract, they straighten out, 
so that the domelike appearance is lost. In 
deep inspiration, the central tendon descends 
for a short distance. 


Foramina (Openings) 


The continuity of the diaphragm is broken 
by 3 large apertures and several smaller ones. 
The large openings accommodate the aorta, 
the esophagus and the inferior vena cava (a, 
e, i) (Fig. 212). The thoracic levels at which 
these structures pass are: the inferior vena 
cava at the 8th thoracic, the esophagus at the 
10th and the aorta at the 12th. 


Aortic Opening. This is located in the median 
plane in front of the lower border of the 12th 
thoracic vertebra and between the crura. It 
is bounded anteriorly by a tendinous arch 
which connects the medial borders of the 
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crura to each other. Through this orifice pass 
the aorta, the thoracic duct and the azygos 
vein (Fig. 213). The thoracic duct and the azy- 
gos vein are covered by the right crus. 


Esophageal Opening. This oval aperture lies 
opposite the 10th thoracic vertebra in front, 
to the left of the aortic opening and behind 
the central tendon. The descussating fibers 
seem to act as a sphincter for the cardiac end 
of the stomach and prevent its contents from 
returning to the esophagus. In addition to the 
esophagus, it transmits the right and the left 
vagus nerves and the esophageal branches of 
the left gastric artery with its companion 
veins. In cirrhosis of the liver, when an ob- 
struction to the portal system is present, these 
veins at the lower end of the esophagus be- 
come dilated and varicosed, and frequently 
rupture. The vagi do not run to either side 
of the esophagus but are situated so that the 
left vagus passes anteriorly and the right pos- 
teriorly. The left, being anterior, supplies the 
anterosuperior surface of the stomach, and the 
right innervates the posteroinferior. The posi- 
tion of this opening is somewhat variable, 
since it may be found in the median place 
or even to the right of it and may be very 
close to the aortic opening. 


Inferior Vena Cava Opening. This opening 
is wide, and about 1 inch to the right of the 
median line on a level with the 8th thoracic 
vertebra. It is in the central tendon between 
the right and the median lobes; as this tendon 
stretches when the diaphragm contracts, the 
flow of venous blood into the thorax is facili- 
tated. The opening transmits the inferior vena 
cava, some branches of the right phrenic 
nerve and a few lymph vessels from the liver. 
The phrenic nerve first pierces the muscle 
and then supplies it on its abdominal surface. 

The numerous smaller orifices transmitting 
vessels and nerves found in the diaphragm 
are: (1) the superior epigastric vessels between 
the sternal and the costal origins; (2) the mus- 
culophrenic vessels, which pass between the 
slips from the 7th and the 8th costal cartilages; 
(3) the lower 5 intercostal nerves accompa- 
nied by small vascular twigs, which pass be- 
tween the slips from the 7th costal cartilage 
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Fig. 212. The diaphragm viewed from the left. The 3 main apertures are shown, and their thoracic 


levels are labeled. 


down; (4) the last thoracic (subcostal) nerve 
and the subcostal vessels, which pass behind 
the lateral arcuate ligament; (5) the sympa- 
thetic trunk, which passes behind the medial 
arcuate ligament; (6) each crus is pierced by 
the great, the lesser and the least splanchnic 
nerves; and (7) the inferior hemiazygos vein 
pierces the right crus. 


Costophrenic Recess. The costophrenic recess 
is that portion of the pleural cavity which is 
unoccupied by lung except after full inspira- 
tion. Here the diaphragmatic pleura is in 
contact with the costal pleura. When in full 
inspiration, the inferior border of the lung 
insinuates itself into this recess, and retraction 
of the overlying intercostal spaces is seen 
externally as the diaphragm decends and 
opens the costophrenic recess. 


Surgical Considerations 


Diaphragmatic Hernias 


Normal or abnormal openings through the 
diaphragm that permit herniation of abdomi- 
nal viscera into the thoracic cavity constitute 
the most common lesions of the this structure 
which require surgery. 


Types of Diaphragmatic Hernias and Their 
Treatment. Although there are many classifi- 
cations, the 5 types of diaphragmatic hernias 
that we shall discuss are the esophageal hiatal 
hernia, hernia through the parasternal open- 
ing (Morgagni), pleuroperitoneal hiatal hernia 
(Bochdalek), hernia from the congenital ab- 
sence of the hemidiaphragm, and traumatic 
diaphragmatic hernia. Because the presence 
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Fig. 213. The diaphragm seen from above. The 3 major orifices and the structures passing through 


them are shown. 


or absence of a hernial sac is not usually recog- 
nized radiologically or at the operating table, 
the embryologic classification is not conven- 
ient clinically. A “surgical” classification based 
on morphology and anatomic location (Tho- 
rek) is more practical. 

Esophageal hiatal hernia. This is the most 
common type of hiatus hernia. 
l. Congenitally short esophagus with tho- 
racic stomach. This is a rare type (Fig. 214). 
In this variety, the esophagus is congenitally 
short and therefore straight: the stomach is 
not truly herniated since it never has been 
below the diaphragm. This condition should 
be suspected when the esophagus is extremely 
short, as can be determined by both esophago- 
scopic and roentgenologic examinations. 
2. Esophageal hiatal hernia with shortened 
esophagus. This type should not be confused 


with the congenital variety just discussed, 
since in this case the pathology is acquired 
rather than congenital. This term is chosen 
to imply that originally the esophagus was of 
normal length but became shortened as a re- 
sult of tonic contractions or possibly cicatricial 
shrinkage. The term “thoracic” stomach does 
not apply here. A large proportion of hiatal 
hernias are of this variety. At the time of oper- 
ation the surgeon can diagnose which of the 
2 varieties he is dealing with by the fact that 
the esophagus can or cannot be stretched to 
approximately its normal length. 

3. Esophageal hiatal hernia without shorten- 
ing of the esophagus. This designation implies 
that the esophagogastric junction is supradia- 
phragmatic, and the lower end of the esopha- 
gus is redundant. This latter feature distin- 
guishes this group from the hernias with 
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shortened esophagi. It is the most common 
type of hernia and has been referred to as a 
“sliding” hernia. 

4. Para-esophageal hernia through the hiatus. 
In this variety a portion of the stomach (Fig. 
214) herniates through the esophageal hiatus 
and comes to lie alongside of and parallel with 
the lower aspect of the esophagus; the 
esophagogastric junction (Angle of His), how- 
ever, remains below the diaphragm. This type 
is relatively uncommon. 


1 
| J i 
n “i 
by k 
F 4 = 
è 5a 
os 
=y n 
z 


TEE j 





SLIDING 





ELEVATED 






THORACIC 


CAR 
STOMACH gai 


PERITONEUM 


SHORT ESOPHAGUS 
Fig. 214. Types of esophageal hiatus hernia. 


It is dificult to standardize, but a general- 
ized plan for treatment can be presented. 

Surgical repair can be done either transtho- 
racically, transabdominally or through a com- 
bined thoracoabdominal incision. Each ap- 
proach has its advocates. 

I have learned that the surgical repair of 
diaphragmatic hernias in adults is better per- 
formed through the chest, because if the vis- 
cera are adherent to the pleura, they can be 
separated readily under direct vision: this is 


Fig. 215. Secondary anemia caused by esophageal hiatal and diaphragmatic hernias. The distended 
veins in the constricted supradiaphragmatic portion of the stomach may bleed slowly or rapidly. 
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Fig. 216. Repair of hiatus hernia of the diaphragm 
by the transthoracic approach. (A) The incision is 
placed over the 7th rib which is removed. (B) Fol- 
lowing incision into the sac the herniated stomach 


very difficult transabdominally (Fig. 215). In 
children, on the other hand, few if any adhe- 
sions are encountered, and the abdominal 
wall, being underdeveloped, may offer resis- 
tance; for these reasons, diaphragmatic her- 
nias in children are best approached transab- 
dominally. (This will be discussed in detail 
subsequently.) 

Hernia through the Parasternal Opening 
(Morgagni). Herniation of abdominal viscera 
through the anterior portion of the diaphragm 
close to the sternum has been referred to by 
various terms (Fig. 216). These hernias are 
known as diaphragmatic hernia through the 
foramen of Morgagni, or through Larrey’s 
spaces, also as substernal, parasternal, retro- 
sternal, or anterior diaphragmatic hernia. The 
anatomic term of preference is subcostoster- 
nal diaphragmatic hernia. The foramen of 
Morgagni is a space or spaces that represent 
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and hiatal defect are outlined. (C) The hernial con- 
tents are reduced into the abdominal cavity. (D 
and E) Repair of the defect. 





Fig. 217. The pleuroperitoneal hiatus (Bochdalek). 
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areas of muscular deficiency in the anterior 
portion of the diaphragm close to the sternum. 

Whether this type of hernia is congenital 
or acquired is difficult to state. Since this por- 
tion of the diaphragm is derived entirely from 
the septum transversum, it is difficult to ex- 
plain its presence on a basis of faulty fusion. 
However, the consistency of its location and 
its frequent association with nonrotation of 
the right part of the colon suggests a possible 
embryologic basis. The constant presence of 
a sac attests that the peritoneal membrane 
was closed off the abdominal cavity from the 
pleural cavity before herniation of abdominal 
viscera occurred. This type of hernia, which 
is uncommon, may be unilateral or bilateral. 

The treatment of choice for a hernia 
through the foramen of Morgagni is a trans- 
thoracic approach through which the abdomi- 
nal viscera are replaced and the abnormal 
opening in the diaphragm is closed. 

At times, the abdominal approach may be 
utilized. 

Pleuroperitoneal Hiatal Hernia (Bochda- 
lek). This type of hernia comes through the 
pleuroperitoneal hiatus (foramen of Bochda- 
lek) (Fig. 217). The defect is somewhat trian- 
gular in shape, with its apex pointing medially. 
It usually extends to the thoracic wall; how- 
ever, at times a bond of muscle tissue is found 
intervening along the rib cage. This type of 
hernia does not have a hernial sac; hence, 
there is a direct communication between the 
abdominal and the thoracic cavities. These 
hernias are present at birth and are the most 
common of the congenital varieties. A fairly 
high percentage of infants suffering with this 
condition die shortly after birth because of 
interference with the respiratory, the cardiac 
and the intestinal systems. Therefore, early 
diagnosis is imperative. Surgical intervention 
should be instituted as soon as possible to pre- 
vent strangulation and cardiorespiratory em- 
barrassment. 

Hernia from the Congenital Absence of the 
Hemidiaphragm. This type of defect is rare. 
Slightly more common is the type that may 
be included under this heading, namely, con- 
genital absence of the posterior portion of the 
diaphragm (Fig. 218). The defect is in the pos- 
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Fig. 218. Congenital absence of the posterior por- 
tion of the diaphragm. The positions of the spleen 
and the kidney should be noted, since roentgeno- 
logically they may produce diagnostic difficulties 
and errors. 


terolateral portion of the diaphragm and is 
due to a failure of the formation of that partic- 
ular portion of the diaphragm which is de- 
rived from the pleuroperitoneal membrane. 
As a rule, this type of hernia does not have 
a sac; however, there may be a pseudosac, 
which is derived from an imperfectly devel- 
oped membrane of peritoneum and omen- 
tum. Some authors consider this to be an exag- 
gerated form of the pleuroperitoneal variety. 
The left kidney may be elevated above the 
normal level and into the pleural cavity. It 
is important to know the position of the kid- 
ney preoperatively so that one may be pre- 
pared to modify the operative procedure. If 
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Fig. 219. Two approaches to a diaphragmatic her- 
nia. Below the diaphragm: (A) long left rectus inci- 
sion; (B) repair of hernial orifice. Above the dia- 


the kidney is beneath the diaphragm, there 
is some development of the posterior lip of 
the diaphragm, and the repair will not be too 
difficult. If, on the other hand, the kidney is 
in the pleural cavity, it suggests a total absence 
of the diaphragm posteriorly. These are most 
difficult to repair. I have found it helpful to 


Incision. 


phragm: (A) incision in 6th intercostal space; (B) 
repair of hernial orifice. 


close such a defect by using a pedicle graft 
of psoas fascia. 

Traumatic Diaphragmatic Hernia. It is be- 
lieved that the incidence of this type of hernia 
has increased because of our increased mania 
for speed and the increased incidences of vio- 
lence. Subdiaphragmatic abscess may result 
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in a suppurative necrosis of the diaphragm, 
which also can produce a hernia. 

The treatment of these traumatic hernias 
is surgical. The imminent danger of strangula- 
tion cannot be overlooked since 90 percent 
of strangulated diaphragmatic hernias are 
traumatic in origin; this is probably explained 
by the fact that the defect is of smaller size. 
The thoracic approach is the one of choice, 
and the principles of the surgical procedure 
are similar to those already described under 
the other types of diaphragmatic hernias. 


Kinds of Incision 


Diaphragmatic hernioplasty may be accom- 
plished through abdominal, thoracic or com- 
bined abdominal and thoracic incisions (Fig. 
219). 

Interruption of the phrenic nerve on the 
involved side can be either temporary or per- 
manent and is of value as a procedure per- 
formed preliminary to radical operative re- 
pair. It prevents spasm and movement of the 
muscle and causes relaxation of the hernial 
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ring; hence, it is of value in the closure of 
the opening. 

The transthoracic route rarely requires rib 
resection. The incision is usually placed in the 
6th or the 7th intercostal space and extends 
from the costochondral junction backward to 
the posterior axillary line. The ribs are sepa- 
rated. At times reduction of the hernia may 
be impossible via this route, and then an ab- 
dominal incision becomes necessary for bi- 
manual manipulation and replacement of the 
viscera. The opening in the diaphragm is 
closed by imbricating its margin. Usually, a 
double row of sutures is used, and then the 
individual incisions are closed in layers. 

The abdominal route utilizes a long, left 
rectus incision (Fig. 219 A). The left lateral 
ligament of the liver should be cut so that 
the left lobe of the liver can be retracted. This 
affords excellent exposure. The herniated vis- 
cera are freed of adhesions and reduced; at 
times it becomes necessary to enlarge the her- 
nial ring for this reduction. The opening in 
the diaphragm is closed, usually by an imbrica- 
tion method using interrupted sutures. 


SECTION 3 THORAX 


Chapter 13 


Pleural Cavities and Pleurae 


Visceral and Parietal Pleurae 


The thoracic cavity is divided into right and 
left pleural cavities and a region situated be- 
tween these called the mediastinum. The lung 
invaginates the pleural cavity so completely 
that only a potential space remains, and by 
this process the pleura becomes divided into 
visceral (lung) and parietal (wall) layers (Fig. 
220 A). 

The visceral pleura invests the lung, dips 
into its fissures and adheres so firmly that it 
is impossible to strip it from lung tissue. 

The parietal pleura is subdivided, accord- 
ing to location, into 4 parts: costal, cervical, 
diaphragmatic and mediastinal (Fig. 220 B). 

The costal pleura lines the ribs and their 
cartilages, the sides of the vertebral bodies 
and the back of the sternum. This is the thick- 
est of all the parietal pleurae and is separated 
from the thoracic wall by the thin endotho- 
racic fascia. It is directly continuous above 
with the cervical pleura (cupola) which covers 
the apex of the lung. This portion of the pleura 
extends upward into the root of the neck be- 
hind the interval between the two heads of 
the sternocleidomastoid muscle. Posteriorly, 
it reaches the level of the head of the Ist rib, 
but anteriorly it rises about 1% inches above 
the sternal extremity of that rib. Hence, it is 
protected by the rib posteriorly but not so 
anteriorly. This is explained by the fact that 
ribs do not run horizontally but obliquely; 
there is a drop of about 1% inches between 
the vertebral and the sternal attachments of 
the Ist rib. The upper aspect of the cervical 


pleura is covered by a layer of connective tis- 
sue called Sibson’s fascia. This fascia forms the 
internal lining of the scalene muscles and 
spreads out, fanlike from the transverse pro- 
cess of the 7th cervical vertebra to the inner 
border of the Ist rib (Fig. 186). It separates 
the pleura from the first part of the subclavian 
artery, the phrenic nerve and the internal 
mammary artery. 

The diaphragmatic pleura is thin and very 
adherent to the diaphragm; it covers that part 
of the diaphragm not covered by the dia- 
phragmatic pericardium. It is continuous with 
the costal pleura laterally, but medially it be- 
comes continuous with the mediastinal 
pleura. The diaphragmatic pleura meets the 
costal pleura in 2 places: behind the sternum 
(sternal reflection) and in front of the bodies 
of the thoracic vertebrae (vertebral reflection) 
(Fig. 220 C). At the point at which the visceral 
pleura meets the mediastinal layer of parietal 
pleura there forms a pleural passageway. The 
upper part of this passageway contains those 
structures constituting the root of the lung 
(pulmonary vessels and bronchus). The lower 
part is empty; hence, its walls approximate 
each other and form the pulmonary ligament. 

Only after deep inspiration are the lungs 
and the parietal pleurae completely in contact 
with each other. In ordinary breathing the 
lungs are not completely expanded; therefore, 
the edges of the pleurae fall together, pre- 
venting the formation of a cavity. This touch- 
ing of the pleurae takes place mainly along 
the anterior and lower borders. During quiet 
respiration the costal and the diaphragmatic 
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Fig. 220. The pleural cavities and the pleurae. (A) 
Diagrammatic presentation showing an early stage 
of development and the end result. The lung in- 
vades the pleural cavity so completely that only 
a potential pleural space remains. The process di- 
vides the pleura into visceral and parietal portions. 


pleurae remain in apposition below the lower 
border of the lung. The space thus formed 
is known as the costodiaphragmatic recess. It 
is about 2 inches deep behind, 3 inches deep 
in the midaxillary line and a little over 1 inch 
deep in front. 


Surface Markings 


The surface markings of the lungs and the 
pleurae are of diagnostic value and can be 


C 


(B) Side view seen from the left. The lung has been 
removed, and a window cut in the costal pleura. 
The 4 parts of the parietal pleura are identified, 
as are the pulmonary root and ligament. (C) The 
sternal and vertebral reflections. 


constructed in the following way (Fig. 221): 
The junction of the costal and the mediastinal 
pleurae (costomediastinal line of pleural re- 
flection) is not the same on both sides of the 
body. On the right, it starts about 1% inches 
above the sternoclavicular joint and passes to 
the middle of the manubrium opposite the 
2nd costal cartilage. From this point it drops 
vertically near the midline of the sternum to 
the xiphosternal joint, where it becomes con- 
tinuous with the costodiaphragmatic line of 
reflection. On the left side, the line of pleural 
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Fig. 221. The surface markings of the lungs and the pleurae: (A) anterior view; (B) left lateral view; 


(C) right lateral view; (D) posterior view. 


reflection is the same until the 4th interspace. 
Here it curves outward to the left border of 
the sternum along which it descends to the 
xiphosternal junction. It becomes continuous 
with the costodiaphragmatic line of reflection 
just as it does on the opposite side. 

The junction of the costal and the diaphrag- 


matic pleurae (costodiaphragmatic line of 
pleural reflection) may be marked by a line 
which starts at the xiphosternal joint and 
passes posteriorly to the 12th thoracic verte- 
bra, the line being convex downward. It 
crosses the 10th rib in the midaxillary line, 
lies about 2 inches above the costal margin 
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and marks the lowest level of the pleural sac 
(not lung). It ascends slightly after passing this 
point and terminates opposite the 12th tho- 
racic vertebra. 


Lungs. The lungs may also be marked on the 
surface of the body. The apices lie about 4% 
inch above the inner third of the clavicles, 
then descend behind the sternoclavicular 
joints toward the midline of the sternum (level 
of the 2nd rib). At this point the lungs almost 
touch each other. The anterior border of the 
right lung follows the line of its pleura directly 
downward to the 6th costal cartilage. The an- 
terior border of the left lung descends as far 
as the 4th costal cartilage where it curves to 
the left, exposing an area of pericardium 
called the area of cardiac dullness. This curv- 
ing line ends opposite the 6th costal cartilage 
about 1% inches from the midline; the summit 
of this space is in the 4th interspace about 2 
inches from the midline. The lower borders 
of the lungs are practically at the same level 
on both sides; they lie at a higher level (about 
3 inches) than their corresponding pleural sacs 
(the costodiaphragmatic line). The lower bor- 
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der of each lung can be marked by a line 
which passes laterally behind the 7th rib in 
the midclavicular line, and the 8th rib in the 
midaxillary line; the latter is its lowest level. 
From here it terminates posteriorly opposite 
the 10th thoracic spine. 


Surgical Considerations 


Fractured Ribs 


The ribs which are usually fractured are the 
3rd to the 8th; ribs 1 and 2 and those below 
the 8th are infrequently involved (Fig. 222). 
The fracture of the bone proper is of no great 
importance with the exception of the local 
discomfort which it produces. However, com- 
plications such as puncture of the pleura, the 
lung, the liver or the spleen, as well as dia- 
phragmatic hernia, secondary pleural effusion 
and surgical emphysema may result in serious 
sequelae. Little displacement or shortening 
occurs in rib fractures because of the attach- 
ment of the intercostal muscles and fixation 
of both rib extremities. 


Fig. 222. Fractured ribs and their complications. The sharp end of a broken rib may injure the pleura, 


the lung, the liver, the spleen or the diaphragm. 


Surgical Considerations 
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Fig. 223. Aspiration of the chest. (A) Diagrammatic presentation of the relation between the aspirating 
needle and the fluid level. (B) Aspiration in the midaxillary line. 


Aspiration of the Chest 


The chest is aspirated as either a diagnostic 
or a therapeutic procedure (Fig. 223). It is per- 
formed best with the patient seated and with 
the arm of the involved side placed on the 
opposite shoulder. If this is impossible, the as- 
piration may be done with the patient lying 


on the uninvolved side. The site of election 
is usually a little posterior to the posterior axil- 
lary line in the 6th, the 7th or 8th intercostal 
space. Some prefer the midaxillary line. The 
needle should be passed a little toward the 
superior surface of the lower rib so that 
the intercostal artery and nerve are not in- 
jured. 
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Fig. 224. Closed (interspace) thoracostomy. 


Thoracostomy 


Thoracostomy is an opening made through 
the chest wall for the purpose of drainage. 
It may be a closed (interspace) or an open 
(rib resection) drainage. The indication for 
such drainage is usually empyema. 


Closed Method. This is usually made in the 
7th or 8th interspace in the midaxillary line 
or in line with the angle of the scapula. Pro- 
caine is injected at the selected site, and a 
small stab incision is made (Fig. 224). A trocar 
is inserted just over the rib, thus avoiding the 
intercostal artery, vein and nerve which lie 
on the undersurface of the rib. This is ad- 
vanced into the pleural space where the fluid 
is located. The obturator is withdrawn, and 
a catheter is inserted. Then the trocar is drawn 


over the catheter, which fits snugly and may 
be fixed by pins or a suture. 


Open Method (Rib Resection) and Thoraco- 
plasty. This method necessitates the resec- 
tion of a piece of rib. The angle of the scapula 
is palpated, and then the patient’s arm is ele- 
vated and placed to the opposite side. The 
rib immediately below this point is usually se- 
lected as the one suitable for resection (Fig. 
225). If the rib above is chosen, the scapula 
may act as a shutter; if a rib much lower is 
selected, an inadvertent transthoracic laparot- 
omy may be performed. An incision is made 
directly over the rib selected, the soft tissues 
are divided to the periosteum, which is com- 
pletely freed, and about 2 to 4 cm. of rib is 
removed. The pleural cavity is aspirated to 
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Fig. 225. Open (rib resection) thoracostomy. 


make sure that pus is present. The aspirating 
needle may be left in place, and an incision 
is made adjacent to it. The cavity is explored, 
and then drainage is instituted. 

In chronic, nontuberculous empyema the 


lung is compressed by intrapleural fluid. At 
times a draining sinus results. Radical surgical 
intervention is necessary. Even after evacua- 
tion of the pus, expansion of the lung is not 
possible, and a pleural dead space results 
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Fig. 226. Thoracoplasty. (A) and (B) show the pos- of this procedure, which permits the chest wall to 
terior approach; (1) and (2) demonstrate the antero- fall in and meet the collapsed lung. 
lateral approach. The cross section shows the effect 
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which is difficult to obliterate. Two procedures 
have been advised which aim at approximat- 
ing the lung surface and the chest wall, thus 
eliminating the dead space. The first is pulmo- 
nary decortication, in which one attempts to 
mobilize the lung. If this is sufficiently accom- 
plished, the lung gradually expands and fills 
the pleural cavity. The other procedure is tho- 
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racoplasty, which consists of subperiosteal re- 
moval of usually 6 ribs to permit the chest 
wall to fall in and meet the collapsed lung. 
This may be accomplished by either a poste- 
rior or an anterolateral approach (Fig. 226). 
Another method which has been utilized to 
obliterate such a cavity is the use of a muscle 
flap. 


SECTION 3 THORAX 


Chapter 14 


Lungs (Pulmones) 


Embryology 


Embryologically, the pulmonary system ar- 
ises as an outgrowth of the digestive tract. It 
begins as a small bud which grows from the 
ventral part of the pharynx (Fig. 227). The 
bud increases in length to form the trachea, 
which in turn divides into right and the left 
primary bronchi (Fig. 228). The ends of these 
bronchi continue to grow and divide until 
eventually a complex bronchial tree with the 
terminal alveoli is formed. At first, the pleural 
cavity is in direct communication with the ab- 
dominal cavity, the two together forming the 
celom. Later, these are separated by a 
transverse partition, the diaphragm. 


The Lungs Proper 


The lungs are a pair of comparatively light 
organs which are conical in shape, each of 
which possesses an apex, a base, 2 surfaces, 
3 borders (anterior, inferior and posterior) and 
a root. Although they lie within the pleural 
cavities, they do not fill all the available space 
during normal respiration. The weights of the 
ordinary, healthy adult lungs, containing the 
average amount of blood, are about 620 grams 
for the right lung and about 570 grams for 
the left. If the lungs are in a healthy state, 
they lie free in the pleural cavity and are at- 
tached at only 2 points: at their roots and at 
the pulmonary ligaments. However, healthy 
lungs are rarely found in dissecting rooms, 
since adhesions due to pleurisy are usually 
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present between the visceral and the parietal 
layers of pleura. The 2 lungs are not exactly 
symmetrical in shape because of the higher 
level of the diaphragm on the right, the pro- 
jection of the heart to the left of the midline, 
and the impressions made by surrounding 
structures. At birth, the lungs are pinkish 
white, in adult life dark gray, and as age ad- 
vances the mottling assumes a black color, due 
to carbonaceous deposits. As a rule the poste- 
rior border is darker than the anterior. 


Apex. The apex of the lung is examined in 
the lower part of the neck because of the 
obliquity of the thoracic inlet (Fig. 229). It is 
rounded and rises into the root of the neck 
for about 1% inches above the level of the 
anterior part of the 1st rib. It is situated behind 
and above the medial third of the clavicle and 
is crossed by the subclavian artery, which 
makes a groove on its anterior border slightly 
below its summit. The lung is separated from 
the artery by the pleura and a thin membrane 
known as Sibson’s fascia (Fig. 186). The sum- 
mit of the apex is in front of the neck of the 
Ist rib. The lung apex lies behind the clavicle, 
the anterior scalene muscle, the subclavian 
vessels and Sibson’s fascia, which is attached 
along the inner border of the Ist rib and 
strengthens the pleura over the apex. The 
pleura in this region may be opened inadver- 
tently during surgery near the subclavian ves- 
sels and also can be torn while removing deep- 
seated tumors from the depth of the neck. 
The pleura and the lungs may be injured in 
stab wounds of the neck or by fragments of 
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Fig. 227. Embryogenesis of the pulmonary system. 


This system arises as a bud from the ventral part Right lower lobe 













of the digestive tract (pharynx). Fig. 228. Embryogenesis of the lungs. 
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Fig. 229. The apex of the lung. This is associated with the root of the neck. The inset shows the subclavian 
artery crossing the apex. 
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bone in comminuted fractures of the clavicle. 


Base. The base (diaphragmatic surface) is con- 
cave. The diaphragm separates it on the right 
side from the liver and on the left from the 
stomach, the liver and the spleen. Because 
the right dome of the diaphragm is higher 
and more convex than the left, the right lung 
is shorter, and its base is more concave. Later- 
ally and behind, the base is bounded by a thin 
sharp margin which projects into the phreno- 
costal sinus of the pleura between the lower 
ribs and the costal attachments of the dia- 
phragm. 


Surfaces 


The two surfaces of the lungs are the costal 
surface and the medial (mediastinal). 

The costal surface is smooth, convex and 
includes the bulky posterior part of the lung. 
It is related to the inner surfaces of the ribs, 
the costal cartilages, the intercostal spaces 
and, to a slight degree, the back of the ster- 
num. 

The medial surface of each lung is divided 
into anterior (mediastinal) and posterior (ver- 
tebral) parts. Both parts present different rela- 
tionships on the 2 sides of the body and must 
be considered separately. 


On the right side, the hilus is occupied by 
the eparterial and the hyparterial bronchi, the 
right pulmonary artery and the upper and the 
lower right pulmonary veins (Fig. 230 A). In 
the hilus, numerous lymph glands and nerves 
are also found. Below and in front of it, the 
mediastinal part presents a cardiac impression 
which is formed by the right atrium and a 
groove for the phrenic nerve. The superior 
vena cava is in contact with the right lung 
in front of the hilus, and the impression made 
by this vessel is continuous with the groove 
made by the right brachiocephalic (innomi- 
nate) vein above and the cardiac impression 
below (Fig. 230 B). Above the hilum a groove 
is sometimes visible which runs into the 
groove for the superior vena cava; it is pro- 
duced by the vena azygos. The groove pro- 
duced by the esophagus is found immediately 
behind this. The vertebral part of the medial 
surface of the right lung is in relation to the 
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heads of the ribs, the sympathetic trunk, the 
vertebral bodies, the splanchnic nerve and 
the aortic intercostal arteries and veins. 

On the left side, the hilus reveals a single 
left bronchus, the left pulmonary artery, up- 
per and lower left pulmonary veins, numerous 
lymph glands and nerves. The ventricles of 
the heart produce a deep cardiac impression 
below and in front of the hilus (Fig. 231 A). 
The arch of the aorta passes backward above 
the root of the lung and is continuous behind 
the hilus, along with the groove produced by 
the descending thoracic aorta (Fig. 231 B). 
Above the groove for the aortic arch, the sub- 
clavian artery passes upward in contact with 
the lung and then turns laterally in front of 
the apex. The vertebral part of the medial 
surface of the left lung is grooved by the de- 
scending thoracic aorta which separates the 
lung from the bodies between the 4th to the 
9th thoracic vertebrae. Other relationships in 
this area are the same as those described for 
the right lung. 


Borders 


The 3 borders of the lungs are the anterior, 
the inferior and the posterior (Figs. 230 and 
231). 

The anterior borders of the lungs are thin 
and sharp because they are squeezed between 
the body of the sternum and the pericardium. 
On the right side the border is straight and 
coincides with the costomediastinal line of 
pleural reflection. On the left side, however, 
the anterior border presents a deep notch op- 
posite the 4th and the 5th intercostal spaces 
known as the cardiac notch. Here the border 
of the lung falls short of the sternum by about 
an inch, leaving part of the pericardium sepa- 
rated from the chest wall by pleura alone. This 
area which is unoccupied by lung has been 
referred to as the “area of superficial cardiac 
dullness.” 

The inferior border separates the base of 
the lung from the costal and the medial sur- 
faces. Laterally and behind, it is sharp and 
projects down to the upper part of the costo- 
diaphragmatic recess. The inferior borders of 
both lungs are practically at the same level, 
and during quiet respiration they lie at a 
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Fig. 230. The medial surface of the right lung. (A) 
Grooves and impressions made by structures in im- 
mediate contact with this surface, are viewed from 


higher level than the costodiaphragmatic line 
of pleural reflection. 

The posterior border is indistinct and 
rounded, due to the confluence of the medial 
and the costal surfaces which occupy the deep 
hollow of the thoracic cavity. It projects into 
the phrenocostal sinus. 
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the left. (B) The lungs and the heart, are seen from 
in front. 


Fissures, Lobes, and 
Bronchopulmonary Segments 


Oblique Fissure. Each lung presents a com- 
plete oblique fissure which passes through the 
costal, the diaphragmatic and the mediastinal 
surfaces as far as the root. This fissure crosses 
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Fig. 231. The medial surface of the left lung. (A) Grooves made by structures in contact with the 
surface are viewed from the right. (B) The left thoracic cavity is seen from the left. 


the posterior border about 2% inches below 
the apex and the inferior border about 2 
inches from the median plane. 


Transverse Fissure. The right lung reveals a 
second fissure known as the transverse fissure. 
It runs horizontally at the level of the 4th cos- 
tal cartilage and meets the oblique fissure in 
the midaxillary line. The left lung, therefore, 
is divided into two lobes, a superior and infe- 


rior, by the interlobar fissure (oblique); the 
right is divided into 3 lobes, superior, middle 
and inferior, by the 2 (oblique and transverse) 
interlobar fissures (Figs. 232 and 233). 

The superior (upper) lobe lies above and 
in front of the oblique fissure and includes 
the apex, anterior border, a large part of the 
costal surface and the greater part of the me- 
diastinal surface of the lung. 

The inferior (lower) lobe is the larger of 
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Fig. 232. Lobes and fissures of the lungs. (A) Front 
view; the usual arrangement of 3 lobes on the right 
and 2 lobes on the left is shown. (B) The right lung 
is seen from the right side. (C) The left lung is 
seen from the left side. (D) The 2 accessory lobes 
which may be found associated with the right lung 
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are shown. The infracardiac lobe is constant in 
quadrupeds, but in man the pericardium fuses with 
the diaphragm and suppresses its development. 
The lobe of the azygos vein (Wrisberg) is also 
shown. 
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Fig. 233. Lobes and fissures of the lungs: (A) seen 
from below (Note the relationship of the middle 
lobe on the right and the superior lobe on the left); 


the two, and is situated below and behind the 
fissure. It includes almost all of the base, a 


large part of the costal surface, and the greater 


part of the posterior border. 


Middle Lobe. In the right lung the middle 
lobe is the smallest. It is wedge-shaped and 
includes the lower part of the anterior border 
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(B) seen from above (Note the relationship of fis- 
sures to lobes). 


and the anterior part of the base of the lung. 
It lies in the front part of the thorax and is 
entirely anterior to the midaxillary line. The 
cardiac notch is formed by a deficiency of the 
upper lobe of the left lung. 


Bronchopulmonary Segments. The lobes are 
subdivided into smaller units called broncho- 
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pulmonary segments which may be defined 
as the area of distribution of a bronchus. The 
various descriptions of the anatomy of the tra- 
cheobronchial tree have resulted in much 
confusion; hence, we have chosen the no- 
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Fig. 234. Nomenclature for the lungs and the bron- 
chi (After Jackson and Huber). The numbers in pa- 
rentheses relate to the numbers on the illustration. 
The lobes are divided into smaller units called bron- 
chopulmonary segments, each of which is deter- 
mined by the area of distribution of a bronchus. 
The right lung presents 3 lobes; upper, middle 
and lower. The upper has been colored blue, the 
middle yellow and the lower red. The upper lobe 
has 3 segments: (1) apical, (2) posterior and (3) ante- 
rior. The middle lobe has 2 segments: lateral (4) 
and medial (5). The lower lobes consists of 5 seg- 
ments: superior (6), medial basal (7), anterior basal 
(8), lateral basal (9) and posterior basal (10). The 
left lung is divided into 2 lobes: an upper, colored 
blue, and a lower, colored red. The upper lobe is 
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menclature used by Jackson and Huber which 
seems to be acceptable to the surgeon, the 
bronchoscopist, the radiologist and the ana- 
tomist (Fig. 234). It may be listed as shown 
at the top of the following page. 





Left ant. 


Left mediastinal 
and diaphragmatic 


divided into 2 divisions: upper and lower (lingular). 
The upper division has 2 bronchopulmonary seg- 
ments: they are known as the apical, which is also 
called the apical posterior (1 and 2) and an anterior 
(3). The lingular division also has 2 segments: supe- 
rior (4) and inferior (5). The left lower lobe seg- 
ments are similar to those on the right except that 
the medial basal is a branch of the anterior basal 
rather than a separate branch of the lower lobe 
bronchus. The term “anteromedial basal” (7 and 
8) is used to call attention to this fact. The other 
numerical representations are the same as those 
of the right side. The colors and the numbers which 
have been used on the bronchi correspond to the 
colors and the numbers of the individual broncho- 
pulmonary segments. 
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RIGHT LUNG 


LOBES SEGMENTS 
Apical 

Upper | Posterior 
Anterior 

, Lateral 

Middle | Medial 
Superior 
Medial Basal 

Lower Anterior Basal 


Lateral Basal 
Posterior Basal 


At times, 2 branches which generally consti- 
tute separate major segmental bronchi may 
have a common trunk. This would explain the 
variation in descriptions of the right upper 
lobe which is described as having 4 segments 
by some and by others as having only 3. Since 
fissures may be quite inconstant, it is far better 
to subdivide the lungs according to bronchial 
distribution. 

The right lung usually presents 3 lobes: up- 
per, middle and lower. The upper lobe con- 
sists of 3 segments: apical, posterior and ante- 
rior. The middle lobe has 2 segments: lateral 
and medial. The lower lobe has 5 segments 
which are known as the superior, the medial 
basal, the anterior basal, the lateral basal and 
the posterior basal. 

The left lung usually consists of 2 lobes: 
upper and lower. Moreover, the upper lobe 
has 2 subdivisions which are known as the up- 
per and the lower divisions. The lower divi- 
sion of the upper lobe is also called the lingu- 
lar division. Two segments make up the 
upper division; these are known as the apical 
(apical-posterior) and the anterior. The lingu- 
lar division is made up of 2 segments: superior 
and inferior. In the left lower lobe the seg- 
ments are similar to those on the right, except 
that the medial basal is a branch of the ante- 
rior basal rather than a separate branch of 
the lower lobe bronchus. It has been sug- 
gested that the term anterior-medial basal be 
used to call attention to this fact. 
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LEFT LUNG 
LOBES SEGMENTS 
Upper | Apical-posterior 
Division Anterior 
Upper 
Lower 
(Lingular) l Superior 
Division Inferior 
Superior 
Anterior-medial 
Lower Basal 
Lateral Basal 
Posterior Basal 
Variations 


Variations are found in the number of lobes 
of the lungs which may be either decreased 
or increased. The right upper and middle 
lobes may be fused, and the left lung may 
have 1l or even 3 lobes. The right lung some- 
times has 5, since 2 accessory lobes may be 
associated with the 3 usual ones. 


Infracardiac Lobe. One such accessory lobe 
is the infracardiac lobe, which is constant in 
quadrupeds; in these animals it separates the 
pericardium from the diaphragm (Fig. 232 D). 
In man, since the pericardium fuses with the 
diaphragm, the infracardiac lobe is com- 
pletely suppressed. 


Lobe of the Azygos Vein. The most important 
accessory lobe is the so-called lobe of the azy- 
gos vein (Wrisberg). The azygos vein travels 
upward in front of the vertebral column, 
arches forward above the root of the lung and 
ends in the superior vena cava before the lat- 
ter pierces the pericardium. Therefore, the 
arch of the azygos vein crosses laterally in re- 
spect to the esophagus, the trachea and the 
right vagus nerve. During development, the 
right lung bud has to pass outward under 
the arch formed by the anterior end of the 
future azygos vein (right posterior cardinal 
vein). If the lung bud does not clear it, part 
of the lung remains lateral and part medial 
to it. Therefore, the vein becomes embedded 
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Fig. 235. Azygos lobe seen on a roentgenogram. 
The apex of the right lung is split by the arch of 
the azygos vein. Since the vein is suspended by 
pleural “mesentery,” a mesoazygos results; this ap- 
pears as a fine line running from the apex down- 
ward, with its convexity outward (see arrow). It 
ends in a small dense pea-sized shadow which rep- 
resents the azygos vein. 


in the developing lung tissue, and the part 
medial to it becomes the lobe of the azygos 
vein (Fig. 232 D). This condition was first de- 
scribed by Wrisberg in 1717. When the apex 
of the right lung is split by the arch of the 
azygos vein, a bifid apex results. The vein is 
suspended by a pleural “mesentery” which 
is referred to as a double pleural septum or 
“mesoazygos.’ If this is seen on the roentgeno- 
gram, the mesoazygos appears as a fine line 
running from the apex of the lung downward 
with the convexity outward as it approaches 
the mediastinum at about the level of the 2nd 
costal cartilage. This line ends in a small, 
dense, pea-sized shadow, which represents 
the azygos vein (Fig. 235). Such an accessory 
lobe is important to identify, since it might 
cause confusion in the interpretation of a 
roentgenogram, in pulmonary surgery, or dur- 
ing postmortem examinations. It may form 
the entire apex of the lung, part of it, or may 
be entirely disassociated from it, depending 
on the location of the vein. 


Root of the Lung (Radix Pulmonis) 


The root of the lung is a short but broad pedi- 
cle consisting of 3 essential structures, the pul- 
monary artery, pulmonary veins and bronchi. 
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Associated with these are the bronchial ves- 
sels, nerves and lymph glands. 


Pulmonary Ligament. This ligament (p. 291) 
is also considered with the root. Although 
there are some differences in the right and 
the left roots, it is well to remember that the 
bronchi lie posterior to the vessels, and the 
pulmonary veins usually lie below the corre- 
sponding right or left pulmonary arteries. 
Many anomalies in this region have been re- 
corded. 

The right root has the following boundaries 
(Fig. 230): anteriorly, the superior vena cava 
and the phrenic nerve; superiorly, the arch 
of the azygos vein; posteriorly, the azygos vein 
proper. 

The left root is bounded in the following 
way (Fig. 231): anteriorly, by the phrenic 
nerve; superiorly, by the aortic arch; posteri- 
orly, by the descending thoracic aorta. It 
might help to recall that on the right side, 
an inverted “U” is formed by the phrenic 
nerve and the azygos vein, while on the left 
side, a similar inverted “U” is formed by the 
phrenic nerve and aorta. The structures of 
each root are bound together by connective 
tissue and pleura which surround them like 
a cuff. 


Blood Vessels 


Much has been written about the variations 
of the bronchovascular patterns (Boyden) and 
the variations of the origin, the course and 
the distribution of the bronchial arteries 
(Cauldwell). Such works may be consulted for 
detailed study; however, the following de- 
scription presents the most commonly ac- 
cepted basic concepts. 

The pulmonary veins, usually 2 on each side 
consisting of an upper and a lower, return oxy- 
genated blood to the heart. Two main venous 
trunks from each lung open into the left 
atrium on its lateral border. 

The pulmonary trunk, after leaving the 
right ventricle, passes superiorly for about 4 
cm. and a little to the left of the ascending 
aorta. The right branch goes to the right lung 
behind the aorta, and the left branch to the 
left lung in the concavity of the aortic arch 
(Fig. 240). In the lung pedicle, the right di- 
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vides into 2 branches, and the left remains 
single. These vessels end in a capillary net- 
work over the alveolar tissues carrying the 
impure venous blood from the right ventricle 
to the lung. A thrombus of the right side of 
the heart of systemic venous origin can release 
an embolism which blocks a branch of the 
pulmonary trunk, causing a suppression of 
part of the lung. A pulmonary infarct may 
result which might degenerate and become 
a pulmonary abscess. 

The bronchi are easily identified by the 
film, elastic, fibrocartilaginous plates. On the 
right side there is an additional bronchus 
which receives the name of the eparterial 
bronchus, because it is at a higher level than 
the artery. This is in contradistinction to the 
hyparterial bronchi which are found on both 
sides below the pulmonary artery. The cuff 
or sleeve of pleura which surrounds these 
structures is quite narrow in its inferior or 
lower portion because it is traversed only by 
a few lymph vessels and, therefore, remains 
collapsed; its anterior and posterior walls are 
applied to each other and form the pulmonary 
ligament. 

The bronchial arteries which supply the 
lung stroma are found on the posterior sur- 
faces of the bronchi; they arise from the aorta 
or from an intercostal artery and pass behind 
the bronchi. Bronchial veins accompany 
them. 


Surgical Considerations 


Pneumonectomy 


Nissen, Overholt, Rienhoff, Graham and Alton 
Ochsner have pioneered in pneumonectomy 
and have shown the advisability of performing 
this operation for primary pulmonary malig- 
nancies. Several types of incisions may be em- 
ployed, the choice depending upon the pres- 
ence or the absence of adhesions, and the 
location of the pathology (Figs. 236 and 237). 
Some surgeons think that anatomic planes ex- 
ist in the pulmonary hilus, and they state that 
a venous piane is found more superficially 
than an arterial plane or a bronchial plane. 
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However, there are so many variations in the 
hilar structures that the method is not practi- 
cal, especially since the inferior pulmonary 
vein may often be the most posterior struc- 
ture. 

The anterior approach usually consists of a 
transverse incision over the 3rd intercostal 
space extending from the lateral border of the 
sternum to the anterior axillary line (Fig. 236). 
The pectoral muscles are divided and the 
pleural cavity entered through the third inter- 
costal space. Greater exposure can be gained 
by separating the 3rd and 4th ribs after disar- 
ticulating their costochondral junctions, and 
by ligating the internal mammary vessels 
both above and below. The pleural cavity is 
opened, and adhesions are divided by sharp 
dissection. The hilar structures are exposed 
in the mediastinum by incising the mediasti- 
nal pleura, anteriorly and superiorly. The 
phrenic nerve may be crushed by an artery 
forceps. This facilitates surgery and also aids 
the early postoperative course. It is important 
to isolate and ligate the hilar structures indi- 
vidually and not by mass ligations. On the 
right side, the isolation, the ligation and the 
division of the azygos vein is the first structure 
to be dealt with; it extends over the right main 
bronchus. Then the pulmonary artery is iso- 
lated, doubly ligated and divided. The bron- 
chus is usually ligated next, but it may be nec- 
essary to isolate, transfix, ligate and divide the 
superior pulmonary vein first. Then the bron- 
chus is freed, ligated and divided; usually it 
is closed by interrupted sutures. The short in- 
ferior pulmonary vein is next found, trans- 
fixed, ligated and severed. The posterior me- 
diastinal pleura is then incised, and the lung 
is removed. The edges of the divided mediasti- 
nal pleura are approximated, covering the 
stumps of the ligated hilar structures. When 
a large amount of mediastinal pleura has been 
extirpated, it might be necessary to utilize the 
adjacent pericardium to cover the ligated 
stump. The thoracic wall is closed in layers 
by passing heavy nonabsorbable sutures 
around the adjacent ribs. Following this, the 
pleura and the intercostal muscles are approx- 
imated, either with or without drainage. A 
posterolateral approach is preferred by some 
surgeons. 
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Fig. 236. Pneumonectomy (right side): (A) anterior and superiorly; (C) ligation and division of the azy- 
approach through a transverse incision over the gos vein; (D) ligation and division of hilar structures 
3rd intercostal space; (B) exposure of hilar struc- followed by removal of the lung; (E) pleuralization. 
tures by incising the mediastinal pleura anteriorly 
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Fig. 237. Pneumonectomy (left side): (A) incision; (B) isolation of hilar structures. 


Lobectomy and Pulmonary 
Segmental Resection 


Both of these procedures have been used for 
such conditions as bronchiectasis, pulmonary 
tuberculosis, chronic lung abscesses and met- 
astatic lesions. Clagett and Deterling have de- 
scribed a technic of lingulectomy in bron- 
chiectasis. Churchill and Belsey, and Overholt 
and Langer have stressed the importance of 
pulmonary segmental resection. They state 
that bronchiectasis is a segmental disease and 
rarely involves an entire lobe. Nelson stressed 
the point that each bronchopulmonary seg- 
ment possesses an independent bronchovas- 
cular structure and is separated from adjacent 
pulmonary tissue by an avascular cleavage 


plane. Therefore, segmental resection not 
only eradicates all of the diseased tissue, but 
also spares the uninvolved segment. 


Lung Abscess 


A nontuberculous lung abscess is a circum- 
scribed pyogenic infection of the lung. It is 
usually associated with a history of tonsillec- 
tomy or aspiration of a foreign body such as 
teeth, peanuts, etc. Fusiform bacilli, Vincent's 
spirochetes and streptococci may be aspirated 
with the foreign body or blood. The right 
lower lobe is most commonly involved. 

Treatment may be instituted in one of 3 
ways: intercostal drainage, costectomy with 
drainage, or a 2-stage operation. 


Surgical Considerations 


Intercostal drainage is accomplished by 
means of an incision made parallel with the 
overlying muscle fibers which are separated 
and retracted. The incision is extended 
through the intercostal muscles and to the pa- 
rietal pleura. Evidence of motion of the lung 
is noted. If the pleura is thickened, and if nor- 
mal gliding movements of the lung cannot 
be seen, one concludes that the visceral and 
parietal pleurae have become adherent by ad- 
hesions, and opening of the abscess is safe. 
If adhesions have not been formed between 
the pleural surfaces, the operation is inter- 
rupted, and the wound is packed with gauze 
to promote the formation of adhesions. After 
a week or 10 days, pleural adhesions are usu- 
ally present in suficient amount to protect 
the pleural cavity from contamination, and 
then the abscess opened. An aspirating needle 
usually locates the abscess first, and when pus 
is found, the needle is followed with a scalpel 
or a cautery into the abscess cavity. Then 
drainage is instituted. 
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Costectomy with drainage is usually the op- 
eration of choice, since it provides adequate 
drainage. The abscess is located by several 
roentgenograms, and the skin incision is 
placed as close to the pathology as possible. 
A section of rib is resected, usually from 5 
to 8 cm. long, which overlies the abscess. The 
pleura is exposed, and if the pleurae are adher- 
ent, the abscess is entered; if not, a 2-stage 
operation is performed. 

The 2-stage operation with rib resection is 
considered by many to be a safer procedure. 
The periosteum is stripped from 2 or 3 ribs 
for a distance of 8 or 10 cm. The middle one 
of these 3 ribs is resected. The periosteum is 
raised from the 2 adjacent ribs which will be 
resected later. Gauze is packed beneath the 
denuded rib to form adhesions between the 
visceral and the parietal pleurae. At the end 
of 7 to 10 days, the wound is reopened; the 
abscess is located with a needle and entered. 
Then drainage is instituted. 


SECTION 3 THORAX 


Chapter 15 


Trachea and Extrapulmonary 
Bronchi 


The Trachea Proper 


The trachea begins where the larynx ends, 
that is, at the lower border of the cricoid carti- 
lage which is on a level with the 7th cervical 
vertebra (Fig. 238). It is from 4 to 5 inches 
long, half of which is in the neck (cervical 
portion), and the other half in the thorax (tho- 
racic portion). The trachea enters the thoracic 
inlet opposite the upper border of the manu- 
brium sterni and ends at its lower border (Fig. 
238 A and 238 B); the latter point is situated 
on a level between the 3rd and the 4th thora- 
cic spines, where it divides into right and left 
primary bronchi. Its thoracic portion is oppo- 
site the manubrium and wholly within the su- 
perior mediastinum. It occupies the median 
plane except at its lower end where the aortic 
arch pushes it slightly to the right. About 15 
or 20 horseshoe-shaped rings of hyaline carti- 
lage keep its lumen open and support the lat- 
eral and anterior aspects, but they are defi- 
cient posteriorly where the wall is flattened. 
The posterior portion is closed by the tra- 
chealis muscle, which is made up of transverse 
plain fibers supplied by the recurrent laryn- 
geal nerve (Fig. 238 C). Anteriorly, the tra- 
chea is crossed by the isthmus of the thyroid 
(2nd to 4th ring), and below that structure 
it is related to the inferior thyroid veins which 
pass downward upon it, frequently communi- 
cating with each other and opening into the 
innominate veins. In young children, the left 
innominate vein may appear above the level 
of the manubrium sterni, forming an anterior 
relation of the trachea. 
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Relations 


Posteriorly, the trachea is in contact with the 
esophagus. Anteriorly, in the neck, the isth- 
mus of the thyroid gland covers the 2nd, the 
3rd and the 4th tracheal rings (Figs. 238 and 
240). In its lower part, it is crossed by the 
arch of the aorta, with the deep cardiac plexus 
intervening. Also in front of the trachea are 
the roots of the innominate and the left com- 
mon carotid arteries which separate it from 
the left innominate vein. As these 2 arteries 
travel upward they diverge, and in the inter- 
val which is made by this divergence, the re- 
mains of the thymus gland are found. More 
anteriorly, the manubrium sterni is situated 
with the lower part of the sternohyoid and 
the sternothyroid muscles which arise from 
the back of it. 

On the right side, the trachea is in relation 
to the right pleura and lung, the right vagus 
nerve and the arch of the azygos vein. In the 
neck, it is related to the right lobe of the thy- 
roid gland from the commencement of the 
trachea to the 6th ring. The right recurrent 
laryngeal nerve passes along its lateral poste- 
rior aspect. 

On the left side, it is related to the left com- 
mon carotid and the subclavian arteries, the 
phrenic and the vagus nerves, and the lower 
part of the arch of the aorta where it is sepa- 
rated from the left pleura and lung. The left 
recurrent laryngeal nerve has the same rela- 
tionship as the right. Many tracheobronchial 
lymph glands are associated with the trachea 
at its bifurcation: the paratracheal glands lie 
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Fig. 238. The trachea and the extrapulmonary bronchi: (A) relations as seen from in front; (B) viewed 
from the left side; (C) the trachealis muscle seen in cross section. 


on each side of it in the superior mediastinum. 

There are very few descriptions of the arte- 
rial supply to the trachea. Miura and Grillo 
did a detailed study on autopsy specimens 
made within 24 hours in refrigerated cadav- 
ers. They noted various patterns of tracheal 
branches originating from the inferior thyroid 
artery (Fig. 239). The inferior thyroid artery 
provides the major blood supply to the upper 
half of the trachea usually through 3 branches. 
Such studies become important because of re- 


cent advances in resection and reconstruction 
of the trachea. 


Right and Left Extrapulmonary 
Bronchi 


The bronchi diverge from each other on their 
way to the roots of the lungs, and differ in 


size, length and the direction in which they 
run. 
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Fig. 239. Variations of the inferior thyroid artery to the cervical trachea after Maura and Grillo 
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Fig. 240. The relations of the trachea and primary bronchi. The eparterial and the hyparterial branches 
of the right bronchus have been identified. A bronchoesophageal muscle was present in this specimen. 
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The Trachea Proper 


The right bronchus is shorter, wider and 
more vertical. Because of this, foreign bodies 
from the trachea usually pass to the right side. 
It is about 1 inch long and, since it supplies 
the larger lung, is larger in size. Anterior to 
it are the right pulmonary artery, the pericar- 
dium, the lower part of the superior vena cava 
and the ascending aorta. The arch of the azy- 
gos vein is placed above, and the bronchial 
vessels and the posterior pulmonary plexus 
are posterior. The upper pulmonary vein is 
anterior; the lower pulmonary vein is below. 
The right bronchus gives off a branch which 
is called the eparterial branch, so named be- 
cause it arises above the right pulmonary ar- 
tery; it passes to the upper lobe of the right 
lung. The bronchus continues as the hyparte- 
rial branch which passes below the artery and 
divides into two, one branch for the middle 
lobe and one for the lower (Fig. 240). 
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The left bronchus has farther to travel than 
the right, since the left lung hilum is farther 
from the median plane. Therefore, it is nearly 
twice as long as the right and less vertical. 
The arch of the aorta passes backward and 
over it, and the descending thoracic aorta runs 
downward and behind it. Anteriorly, are the 
left pulmonary artery and the pericardium, 
which separate the bronchus from the left 
atrium. The posterior pulmonary plexus, the 
esophagus and the bronchial vessels are situa- 
ted behind this bronchus. Occasionally, a mus- 
cle band exists between the esophagus and 
the left bronchus; this is called the bronchoe- 
sophageal muscle. 

The carina is a sagittal spur located at the 
margin of the primary bronchus. It is easily 
seen through the bronchoscope as it passes 
upward into the lumen. It is employed as a 
landmark by the bronchoscopist. 


SECTION 3 THORAX 


Chapter 16 


Mediastinum (Interpleural Space) 


Boundaries of the Mediastina 


The mediastinum is the middle compartment 
of the chest which is situated between the 2 
pleural cavities. Its boundaries are (Fig. 241): 
anterior, the sternum; posterior, the bodies 
of the 12 thoracic vertebrae; superior, the tho- 
racic inlet; inferior, the diaphragm. The sides 
are formed by the mediastinal pleurae. It is 
divided into superior and inferior mediastina 
by an imaginary line which extends from the 
sternal angle (manubriosternal joint) to the 
disk between the 4th and the 5th thoracic 
vertebrae. The inferior mediastinum is subdi- 
vided into 3 mediastina by the heart, which 
acts as the key structure in this subdivision. 
That part of the inferior mediastinum which 
contains the heart is called the middle me- 
diastinum; that part in front of it makes up 
the anterior, and the part situated behind the 
heart constitutes the posterior mediastinum. 
Each of the 4 mediastina have their own 
boundaries. 
l. Superior. The superior mediastinum 
boundaries are: superior, the thoracic inlet; 
inferior, an imaginary line extending from the 
sternal angle to the disk between the 4th and 
the 5th thoracic vertebrae; anterior, the ma- 
nubrium sterni; posterior, the bodies of the 
upper 4 thoracic vertebrae. 
2. Anterior. The anterior mediastinum 
boundaries are: superior, the imaginary line 
separating it from the superior mediastinum; 
inferior, the diaphragm; anterior, the body of 
the sternum; posterior, the anterior aspect of 
the pericardium. 
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Fig. 241. Diagrammatic sagittal section of the me- 
diastinum. An imaginary line which extends from 
the sternal angle to the disk between the 4th and 
the 5th thoracic vertebrae divides the mediastinum 
into superior and inferior mediastina. The inferior 
mediastinum is divided by the heart into anterior, 
middle and posterior mediastina. 


3. Middle. The middle mediastinum bound- 
aries are: superior and inferior, the same as 
the anterior mediastinum; anterior, the ante- 
rior part of the pericardium; posterior, the 
posterior part of the pericardium. 
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Fig. 242. Contents of the superior and the middle mediastina viewed from in front. 


4. Posterior. The posterior mediastinum 
boundaries are: superior, same as the anterior 
and the middle mediastina; inferior, same as 
the anterior and the middle mediastina; ante- 
rior, the posterior aspect of the pericardium; 
posterior, the bodies of the lower 8th thoracic 
vertebrae. 


Chief Contents of Each 
Mediastinal Space 


The superior mediastinum contains: the arch 
of the aorta and its 3 branches (innominate, 


left common carotid and left subclavian ar- 
teries); the brachiocephalic (innominate) 
veins; the upper half of the superior vena cava; 
the vagus, the phrenic and the left recurrent 
nerves; the esophagus, the trachea and the 
thoracic duct; the thymus or its remains in 
the adult with some lymph glands (Figs. 242 
and 243). 

The anterior mediastinum contains a few 
lymph nodes (anterior mediastinal nodes) and 
a little areolar tissue. 

The middle mediastinum contains: the 
heart enclosed in the pericardium; the ascend- 
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Fig. 243. Contents of the superior and the middle mediastina viewed from behind. 


ing aorta; the lower half of the superior vena 
cava (with the azygos vein entering it); the 
bifurcation of the trachea; the pulmonary 
trunk dividing into right and left branches; 
the right and the left pulmonary veins; the 
phrenic nerves; the bronchial lymph nodes. 

The posterior mediastinum contains: the 
esophagus; the descending thoracic aorta; the 
vagi; the thoracic duct; the azygos; the hemi- 


azygos and the accessory hemiazygos veins 
(Fig. 244). 
Surgical Considerations 


Mediastinoscopy 


This diagnostic modality was introduced in 
1959. It has its risks and should be performed 


Surgical Considerations 
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Fig. 244. Contents of the posterior mediastinum: (A) cross section; (B) seen from behind. 


only by those adept in the procedure. It is 
becoming a standard exploratory approach for 
the identification of pulmonary neoplasia, 
some mediastinal contents and the spread of 
malignant lesions. A small transverse incision 
is made in the suprasternal notch through 


which the paratracheal, the tracheobronchial 
and the subcarinal lymph nodes are usually 
visible and accessible for biopsy; however, 
metastases to lymph nodes between the tra- 
chea and esophagus as well as posterior me- 
diastinal nodes cannot be determined by this 
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method. K.V. Arom, who has done much to 
develop this technique, has described a subxi- 
phoid anterior mediastinal exploration proce- 
dure in which a short incision is made over 
the xiphoid process to allow the introduction 
of the scope into the inferior aspect of the 
anterior mediastinum. This approach permits 


4 digital exploration, visualization and biopsy of 


‘ 


= | masses and lymph nodes in the same fashion 


Heart ` Sternum 


as in the conventional mediastinoscopy (Fig. 
245). 

Mediastinotomy will give greater exposure 
and greater access to the mediastinal contents. 
j A However, this is a more extensive procedure 

| i, J] and requires the removal of some costal carti- 

——S J lages and a section of the pleura. 


A Mediastinum 


Drainage of Mediastinal Abscess 


Most mediastinal abscesses (mediastinitis) are 
drained through a right supraclavicular inci- 








Fig. 246. Drainage of a mediastinal abscess: (A) right supraclavicular transverse incision; (B) the abscess 
being sought in a space between the trachea medially and the carotid sheath laterally. 
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sion which is made in a transverse direction 
(Fig. 246 A). This is deepened between the 
thyroid gland and the trachea medially, and 
the carotid sheath and the sternocleidomas- 
toid muscle laterally. A finger is introduced 
along the right side of the esophagus and fol- 
lows this downward until the abscess is 
reached and opened (Fig. 246 B). Rarely is 
it necessary to perform an anterior or poste- 
rior mediastinotomy. 


Carcinoma of the Esophagus 


Carcinoma of the midthoracic esophagus has 
been treated quite successfully by Churchill, 
Garlock, Sweet and others. The lesion has 
been eradicated successfully by radical resec- 
tion with high intrathoracic esophagogastros- 
tomy. The essential steps in the operation are 
as follows (Fig. 247): 

The usual incision is placed at the left costal 
margin anteriorly; it extends posteriorly over 
the 8th or the 9th rib and then curves upward 
for a short distance between the spine and 
the left scapula. The 8th or the 9th rib is re- 
sected. If greater exposure is necessary, the 
5th, the 6th, or the 7th ribs are divided poste- 
riorly. 

The left thoracic cavity is entered, the me- 
diastinal pleura is incised, and dissection is be- 
gun anterior to the esophagus. Resectability 
depends on whether or not the growth has 
invaded the left main bronchus, the aortic 
arch or the inferior pulmonary vein. If these 
structures can be mobilized safely, dissection 
posterior to the esophagus is begun. 

The posterior dissection is left until last, to 
avoid interfering with the blood supply, re- 
sulting from the division of the esophageal ar- 
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teries arising from the aorta. When the poste- 
rior dissection is completed, the tumor is freed 
from the right mediastinal pleura. 

The esophagus is mobilized from the aortic 
arch downward, and the abdomen is entered 
through an incision in the diaphragm which 
extends from the esophageal hiatus to the in- 
sertion at the costal margin. Phrenic nerve 
gion of the lower esophagus and cardia, it may 
be necessary to ligate branches of the superior 
crushing immobilizes the diaphragm. The 
greater curvature of the stomach is mobilized 
by dividing the gastrolienal ligament and li- 
gating the left gastroepiploic vessels and vasa 
brevia. The gastrocolic omentum is divided 
as far as the pylorus, but the right gastric and 
gastroepiploic vessels are protected. In the re- 
suprarenal, inferior phrenic and pericardio- 
phrenic vessels. 

Next, the gastrohepatic ligament is severed 
and occasionally a hepatic branch of the right 
inferior phrenic artery is found in this struc- 
ture. The left gastric vessels are ligated. The 
stomach is divided distal to the cardia, and 
the distal portion is inverted with sutures. An 
incision is made in the mediastinal pleura 
above the aortic arch, and the attachments 
of the esophagus behind the arch are freed. 
These are usually small vessels which arise 
from the aorta and the bronchial arteries. 

When the esophagus has been fully mobi- 
lized, it may be pulled up from behind the 
aortic arch and prepared for the anastomosis. 
The esophagus and the tumor are resected, 
and the anastomosis is completed. To relieve 
tension on the anastomotic suture line, inter- 
rupted sutures fix the stomach to the parietal 
pleura and the diaphragm, which is closed. 
The stomach now receives its blood supply 





Fig. 247. Resection for carcinoma of the midthora- 
cic portion of the esophagus. (A) The incision is 
placed at the left costal margin anteriorly, extends 
posteriorly over the 8th or the 9th rib and curves 
upward between the spine and the left scapula. 
(B) Anterior dissection of the esophagus is shown. 
(C) The esophagus and the stomach have been mo- 


bilized and prepared for resection. (D) The anasto- 
mosis between the esophagus and the stomach is 
made high in the thoracic cavity. (E) To relieve 
tension on the anastomotic suture line, interrupted 
sutures fix the stomach to the parietal pleura and 
the diaphragm. 
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Fig. 248. Transthoracic vagus nerve section (va- quite constant is noted in this subject). (D) the eso- 
gotomy): (A) incision over the left 8th rib; (B) re- phageal triangle. The esophagus can be found read- 
moval of a section of the left 8th rib; (C) mobiliza- ily in a triangle bounded in front by the heart, 
tion of the esophagus and exposure of the vagus behind by the descending aorta and below by the 
nerves (A communicating nerve branch which is diaphragm. 
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from the right gastric and the right gastroepi- 
ploic arteries. 

If the anastomosis is placed below the aortic 
arch, an adequate blood supply to the esopha- 
gus is maintained by the small arteries from 
the aorta and the bronchial vessels. However, 
if it is necessary to dissect the esophagus above 
the aortic arch, the blood supply is entirely 
dependent on the descending branches from 
the inferior thyroid artery. The thoracic duct 
may be encountered or injured in these high 
dissections; it is important to ligate this struc- 
ture to prevent a leakage of chyle. 

Ivor Lewis states that carcinoma in the mid- 
dle third of the esophagus should be ap- 
proached through a right transpleural route. 
His reasons for this are the following: 

This offers easier accessibility; only the vena 
azygos major requires ligating; and the aortic 
arch, instead of being an obstacle, becomes 
a safety barrier between the surgeon and the 
opposite pleural cavity. Therefore, he con- 
cludes that to operate on this part of the eso- 
phagus through the left side is unanatomic. 

His operation is usually performed in 2 
stages. The first stage is done through an up- 
per left paramedian incision, the abdomen be- 
ing carefully explored. If there are no metas- 
tases on the greater curvature of the stomach, 
this structure is mobilized as has been de- 
scribed above. A jejunostomy is done to im- 
prove the patient’s nutrition. From 10 to 15 
days later, the second stage is accomplished 
by removing the right 6th rib and entering 
the chest. The vena azygos major is divided, 
and the procedure progresses much in the 
same way as has been described. Lewis claims 
that the cardia of the stomach can be deliv- 
ered readily into the right thoracic cavity. 


Thorax: Mediastinum (Interpleural Space) 


Transthoracic Supradiaphragmatic 
Section of the Vagus Nerves 
(Vagectomy, Vagotomy) 


Dragstedt and others have advocated this pro- 
cedure (Fig. 248) as a therapeutic measure 
for duodenal ulcers in the absence of pyloric 
stenosis, gastrojejunal ulcers and gastric ulcers 
where the diagnosis is certain. 

The incision is placed over the 8th rib on 
the left side, and the rib is resected widely. 
Greater exposure may require the additional 
removal or fracture of adjacent ribs. The left 
pleural cavity is entered through the rib bed, 
and the collapsed lung is retracted upward. 
The inferior pulmonary ligament is identified 
and severed. The lower end of the esophagus 
will be found in an anatomic triangle which 
is bounded in front by the heart, behind by 
the descending aorta and below by the dia- 
phragm (Fig. 248 D). Cutting the inferior pul- 
monary ligament exposes this triangle and the 
esophagus. 

The vagus nerves are identified by palpa- 
tion, since they have no elastic fibers and feel 
like taut cords. In most cases, they appear as 
2 main trunks, but recent work on vagal anat- 
omy reveals that considerable variation in the 
arrangement of the nerves takes place. The 
left vagus appears anterior to the esophagus 
and extends to the lesser curvature of the 
stomach. The right vagus is situated posteri- 
orly. A large communicating branch between 
the vagi is a rather constant finding. Addi- 
tional small fibers may be found on the 
esophagus. All the nerves and fibers are se- 
vered, and the large ones are ligated. The 
esophagus is returned to its bed, and the 
pleura is closed. 


SECTION 3 THORAX 


Chapter 17 


Pericardium 


Pericardial Sac 


The pericardium is a fibroserous sac which 
is located in the middle mediastinum and en- 
closes the heart and the roots of the great ves- 
sels. It has the appearance of a truncated cone 
with its base resting on and fused with the 
central portion of the diaphragm. Its blunt 
apex reaches the level of the second costal 
cartilage (Figs. 249 and 250). The outline of 
the pericardium corresponds to that of the 
heart except that it reaches the 2nd costal car- 
tilage on both sides, whereas the heart extends 
only to the 3rd cartilage on the right. 


Pericardial Layers 


The pericardium has 3 layers so arranged that 
the fibrous pericardium is entirely parietal, 
but the serous has both visceral and parietal 
layers. 


Fibrous Pericardium 


The fibrous pericardium is applied to and is 
firmly fused with the outer surface of the pari- 
etal layer of serous pericardium. It is a sheet 
of considerable strength which fuses with the 
central tendon of the diaphragm inferiorly 
and can be separated from it only by sharp 
dissection. Superiorly and posteriorly, it 
blends with the outer coats of the great vessels 
as they enter or leave the pericardial sac. It 
is by means of the outer fibrous coat of the 


arch of the aorta that the fibrous pericardium 
blends with the pretracheal layer of deep cer- 
vical fascia. 


Relations. The fibrous pericardium lies be- 
hind the body of the sternum and the costal 
cartilages from the 2nd to the 6th inclusive. 
Its anterior surface is separated from these 
structures by the lungs and the pleura except 
at 2 places. One point of contact is in the me- 
dian plane, where the fibrous sac is attached 
to the upper and the lower parts of the body 
of the sternum. This is brought about by two 
condensations of mediastinal areolar tissue 
which are called the upper and the lower ster- 
nopericardial ligaments; these are of clinical 
importance in adhesive pericarditis. 

The other point of contact is in the region 
of the bare area of the pericardium, which 
has no covering of lung. This is located at the 
sternal end of the left 5th costal cartilage (Fig. 
250). Here the cardiac notch leaves a deficient 
area of left pleura, and the pericardium comes 
in direct relation to the left sternocostalis mus- 
cle and the sternum. This area is of impor- 
tance to the surgeon, since he may tap the 
pericardial sac at this point without injury to 
the pleura. Both side walls of the pericardium 
are in relation to the mediastinal pleura. 


Visceral and Parietal Layers 


The visceral layer of serous pericardium is 
usually called the epicardium. It is exceed- 
ingly thin and is so closely adherent to the 
outer surface of the heart that any attempt 
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Fig. 249. The pericardium. This fibroserous sac encloses the heart and the roots of the great vessels. 
The pericardium has been cut open to reveal these structures. 


to detach it results in injury to the superficial 
layers of cardiac musculature. However, over 
the right side and the anterior surface of the 
ventricular portion of the heart, a certain 
amount of fat, even in thin individuals, occurs 
between the muscular tissues and the epicar- 
dium. The visceral layer covers the anterior 
and inferior surfaces of the heart and ascends 
on the back of the left atrium, where it is re- 


flected downward as the parietal layer of se- 
rous pericardium. This reflection forms the 
upper limit of a cul-de-sac, known as the ob- 
lique sinus of the pericardium (p. 331). The 
parietal layer follows and adheres to the f- 
brous pericardium. 

The pericardial sac can be marked on the 
surface of the thorax as extending from the 
2nd costal cartilage above to the 6th below. 


Surgical Considerations 
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Fig. 250. The pericardium seen from within and behind. 


On the right, it extends for % inch beyond 
the right margin of the sternum, and to the 
left it forms a line which passes upward and 
medial from the cardiac apex to the 2nd left 
costal cartilage about 1% inches from the mid- 
line. The latter is convex upward and to the 
left. 

When the anterior wall of the pericardium 
is opened, it is noticed that its outer wall ap- 
pears to be fibrous (fibrous pericardium), but 
its inner wall is lined with a thin, glistening 
serous membrane (parietal layer of serous peri- 
cardium). The parietal and the visceral layers 
of pericardium are continuous with each other 
anteriorly where the great arteries leave the 
heart, and posteriorly where the great veins 
enter it. That space which exists between the 
2 layers of serous pericardium is a potential 
cavity called the pericardial cavity. It contains 
sufficient serous fluid to minimize friction be- 
tween its 2 surfaces during heart action. 


Surgical Considerations 


Pericardiocentesis 


Aspiration of the pericardial cavity is done for 
diagnostic purposes or to release pressure in 


the pericardial cavity. Even with large effu- 
sions, the heart remains anterior and may be 
injured during this procedure. The aspirating 
needle should be placed to the left of the xi- 
phoid, thus avoiding the internal mammary 
artery. Then it should be directed upward, 
backward and to the left, so that the heart 
is avoided and the left lateral pouch of dilated 
pericardium entered. If the needle is passed 
straight back, the left coronary artery may be 
injured (Fig. 251). 


Pericardiostomy (Pericardiotomy) 


C. S. Beck and others have emphasized the 
importance of the subatmospheric pressure 
which exists in the mediastinum. When the 
pericardium is opened, this is raised to atmo- 
spheric pressure, and the resultant compres- 
sion on the heart causes a rise in venous pres- 
sure and a slight transient fall in arterial pres- 
sure. A normal heart may tolerate these 
changes, but should the heart be damaged, 
the patient might succumb. 

Many incisions and approaches for the pur- 
poses of draining the pericardial cavity have 
been described. One of the more common ex- 
tends from the junction of the left 5th costal 
cartilage and sternum downward over the car- 
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Fig. 251. Aspiration of the pericardial cavity (peri- 
cardiocentesis). (A) The aspirating needle is placed 
to the left of the xiphoid, thus avoiding the internal 


tilages of the 5th, the 6th and the 7th ribs. 
About an inch of cartilage of the 5th, the 6th 
and the 7th ribs is removed, and the internal 
mammary vessels are ligated. The pericar- 
dium lies beneath, and the pleural space is 
to the left. An incision is made into the peri- 
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mammary vessels. (B) The needle is directed up- 
ward, backward and to the left, so that the left 
coronary vessels are not injured. 


cardium, and the fluid is aspirated from each 
lateral pericardial recess and from the oblique 
sinus. The pericardium is left open to drain. 
Soft rubber tubes are introduced into the 
opening; however, this is to be avoided in tu- 
berculous pericarditis. 


SECTION 3 THORAX 


Chapter 18 


Heart 


The Heart Proper 


With the pericardium opened, the heart (Fig. 
252) presents a fixed posterosuperior por- 
tion—the atria (auricles); and a free anteroin- 
ferior portion—the ventricles. A groove con- 
taining fat, the auriculoventricular groove 
(coronary sulcus), marks the line of separation 
between atria and ventricles; it contains the 
right coronary artery. Passing downward and 
to the left, a similar groove is found which 
divides the ventricular portion of the heart, 
as seen in front, into a larger right and a 
smaller left ventricle. This groove corresponds 
to the attachments of the anterior margin of 
the septum between the right and the left 
ventricles and is known as the anterior inter- 
ventricular groove (anterior longitudinal sul- 
cus); it contains the anterior descending 
branch of the left coronary artery. All 4 cham- 
bers of the heart are visible from the “front”’ 
view; however, only a very small portion of 
the left atrium is visible: the auricle of the 
left atrium. 

The right border of the heart, which is con- 
vex, is formed by the right atrium; the left 
border is formed, almost entirely, by the left 
ventricle. The auricle of the left atrium aids 
in the formation of the left border at its upper- 
most part. Between the 2 auricles, the lower 
part of the pulmonary trunk covers the as- 
cending aorta. That part of the right ventricle 
which is immediately below the pulmonary 
trunk is called the infundibulum. 

If the left index finger is passed in front 


of the superior vena cava, it can be directed 
from right to left behind the aorta and the 
pulmonary artery. The finger now lies in the 
Transverse sinus of the pericardium (Figs. 253 
and 254). If the thumb is brought into contact 
with this index finger, the arterial end (aorta 
and pulmonary artery) of the heart lies be- 
tween the 2 digits. All large vessels below the 
transverse pericardial sinus constitute veins 
(superior and inferior venae cavae and pulmo- 
nary veins). The sinus is bounded in front by 
the aorta and the pulmonary artery, and be- 
hind by the superior vena cava and the left 
atrium. It is possible to pass a finger through 
the sinus because the aorta and the pulmonary 
artery are enclosed in a complete sheath of 
visceral pericardium; the superior and the in- 
ferior venae cavae and the pulmonary veins 
are only partially covered (front and sides) by 
this layer. The transverse sinus connects the 
right and the left upper portions of the peri- 
cardial cavity. It is through this sinus that a 
rubber catheter is placed in the Trendelen- 
burg operation for pulmonary embolus. 

If the fingers of the right hand are placed 
behind the apex of the heart and passed up- 
ward and to the right, they are stopped in a 
cul-de-sac of pericardium which lies behind 
the heart, between the left atrium and the 
pericardium. This is known as the oblique si- 
nus of the pericardium. It is really an inverted 
“U” bounded below and on the right by the 
inferior vena cava and the right pulmonary 
veins, and above and on the left by the pulmo- 
nary veins. The sinus lies in front of the 
esophagus and the descending thoracic aorta 
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Fig. 252. Heart and great vessels: (A) seen from in front; (B) seen from behind. 
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Fig. 253. Transverse and oblique sinuses. (A) A 
catheter is placed in the transverse sinus. (B) The 
transverse sinus (in green) seen from above. The 
structures in front of the green line constitute the 


(Fig. 254). Fingers placed in the transverse 
and the oblique sinuses cannot touch each 
other because they are separated by 2 layers 
of serous pericardium surrounding the veins 
as they enter the left atrium. 


Superior and Inferior Venae Cavae 


The superior vena cava measures about 7 cm. 
in length and is formed by the junction of 
the 2 brachiocephalic (innominate) veins, 
draining the blood from the upper half of the 
body (Figs. 249, 252 and 254). It begins imme- 
diately below the cartilage of the 2nd right 
rib, close to the sternum; it descends vertically 
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arterial flow of the heart (aorta and pulmonary ar- 
tery); those behind the green line are veins (venae 
cavae and pulmonary veins). 


behind the Ist and the 2nd intercostal spaces 
and ends in the upper part of the right atrium 
opposite the upper border of the 3rd right 
costal cartilage. The lower half of the vessel 
lies within the pericardium and is devoid of 
valves at its orifice. The intrapericardial por- 
tion lies entirely within the fibrous pericar- 
dium and is covered in front and on either 
side by the serous pericardium which binds 
it to the fibrous layer. On its right side, it is 
separated from the right phrenic nerve and 
its companion vessels by the pericardium; on 
its left, and overlapping it slightly anteriorly, 
is the ascending aorta. Because of its close rela- 
tionship to the ascending aorta, it may be com- 
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Fig. 254. Transverse and oblique sinuses. A win- 
dow has been cut in the pericardium to show the 
posterior relation of the esophagus, the aorta and 


pressed by aortic aneurysms. The transverse 
sinus intervenes between the superior vena 
cava and the ascending part of the aorta. In 
front of the vein, at its termination, is the right 
auricular appendix, and higher it is separated 
from the right lung and the pleura by the 
pericardial wall. Behind the vein is the fibrous 
pericardium which separates it from the root 
of the right lung. The vena azygos enters the 
back of the superior vena cava immediately 
before it pierces the fibrous pericardium (Fig. 
238). 

The inferior vena cava (Figs. 252 and 254) 
is formed by the junction of the 2 common 
iliac veins on the right side of the 5th lumbar 
vertebra and returns the blood from the parts 
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the left vagus nerve. The small arrows represent 
the flow of blood to and from the heart. 


below the diaphragm to the heart. This vessel 
ascends along the front of the vertebral col- 
umn to the right side of the aorta, passes in 
a groove on the posterior surface of the liver 
and then perforates the diaphragm between 
the median and the right portions of its central 
tendon. It pierces the fibrous pericardium, 
passes behind the serous pericardium and 
opens into the lower posterior part of the right 
atrium. Therefore, only a small part of this 
vessel, about 3⁄4 inch, is intrathoracic. 

Near its atrial orifice is a semilunar valve 
which has been called the valve of the inferior 
vena cava (Fig. 255). This is usually rudimen- 
tary in the adult but may be large in the fetus, 
where it performs an important function. In 
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Fig. 255. Right atrium and the right ventricle. Windows have been cut into these 2 heart chambers 
to show their internal structure. The arrow passes through the right atrioventricular orifice. 


the fetus this valve serves to direct the blood 
from the inferior vena cava through the fora- 
men ovale into the left atrium. In its intratho- 
racic portion the following relationships are 
noticed: the diaphragm is in front of it; the 
vena azygos and the greater splanchnic nerve 
are behind it; the phrenic nerve, the right 
pleura and the lungs are lateral. The latter 
2 structures also lie behind it. 


Compartments of the Heart 


The compartments of the heart may be stud- 
ied in the order in which they are traversed 
by the blood (Fig. 257). 


Right Atrium. If the heart is pulled to the 
left, a good view is obtained of the right side 
of the auricular portion and of the superior 


and the inferior venae cavae. The right atrium 
(Figs. 255 and 257) begins at the orifice of 
the inferior vena cava behind the 6th right 
cartilage. 

Immediately in front of the opening of the 
superior and the inferior venae cavae, an in- 
distinct line might be seen which is called the 
sulcus terminalis. This line is of interest be- 
cause it indicates the junction between the 
sinus venosus and the right auricle and marks 
a ridge which is on the inside of the right 
auricle called the crista terminalis. The sinus 
venosus is represented in the adult human 
heart by that part of the right auricle which 
lies behind the sulcus and receives the supe- 
rior and the inferior venae cavae. If a window 
is cut in the right auricle, the crista terminalis 
is seen extending from the front of the orifice 
of the superior vena cava to the front of the 
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orifice of the inferior vena cava. The atrium 
behind the crista is smooth, and in front it is 
trabeculated. The rugose appearance of the 
auricle in front of the crista is brought about 
by muscle bands that resemble the teeth of 
a comb; hence, the name musculi pectinati. 

The posterior wall of the atrium represents 
the atrial septum, which separates the right 
atrium in front from the left behind. Near its 
center is noted a shallow oval depression, 
which is bounded by a thickened ridge every- 
where except below. This depression is the 
fossa ovalis, and the ridge surrounding it is 
the annulus ovalis (limbus fossae ovalis). 

From the anterior horn of the annulus, 
there will usually be seen a crescentric mem- 
brane which passes forward and to the right, 
reaching the anterior wall of the auricle im- 
mediately in front of and to the right of the 
opening of the inferior vena cava. It is called 
the eustachian valve (valve of the inferior 
vena cava), which directed blood in the fetus 
from the inferior vena cava to the fossa ovalis, 
and was known as the foramen ovale. 

The tricuspid orifice (right atrioventricular 
orifice) occupies the lower portion of the ante- 
rior wall of the right atrium. It is large enough 
to admit the tips of 3 fingers; it opens into 
the lower and posterior part of the right ven- 
tricle and is bounded by the tricuspid valve. 
The surface projection of this aperture lies ob- 
liquely behind the sternum close to the mid- 
line and extends from the level of the 4th left 
costal cartilage to the level of the 6th right 
cartilage. 

Medial to the opening of the inferior vena 
cava, the coronary sinus may be found. The 
opening of the sinus points to the left and is 
guarded by a small pocketlike valve called the 
coronary valve (Thebesius), which turns the 
blood of the coronary sinus forward into the 
atrioventricular orifice. 


Right Ventricle. This chamber (Fig. 255) has 
a thick muscle wall and is somewhat triangular 
in outline. The infundibulum (conus arterio- 
sus) is the uppermost part of the right ventri- 
cle, the walls of which are smooth and have 
no projecting muscular bundles; it leads into 
the pulmonary artery. The inner surface of 
the right ventricle is extremely irregular be- 
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cause of a lacework of muscular ridges which 
are called the trabeculae carnea. Some of 
these are attached to the wall only at each 
extremity, but they are free elsewhere. 

A number of conical muscular projections 
are also found; these are the papillary mus- 
cles. They are attached at their bases to the 
wall of the ventricle, and their apices are con- 
nected to the cusps of the tricuspid valve by 
a number of tendinous strands called the chor- 
dae tendinae. There is usually a large inferior 
papillary muscle which is attached to the ante- 
rior wall. One of these trabeculae, which is 
unusually strong and well marked, passes 
across the right ventricle from the septum to 
the base of the anterior papillary muscle; it 
is called the moderator band. 

The entrance to the right ventricle is by 
way of the right atrioventricular orifice, and 
the exit is the pulmonary orifice. The right 
atrioventricular orifice is situated at the lower 
and posterior part of the ventricle; it is about 
l inch in diameter and is surrounded by a 
fibrous ring. It usually admits the tips of 3 fin- 
gers and is guarded by a valve which possesses 
3 cusps; hence, the name tricuspid valve. One 
of the cusps is anterior; another, medial; and 
the third, inferior. They are semilunar in 
shape. The atrial surfaces of the cusps are 
smooth, but their ventricular surfaces are 
roughened by the attachments of the chordae 
tendinae. The pulmonary orifice, in the upper 
posterior part of the ventricle at the apex of 
the infundibulum, is surrounded by a thin fi- 
brous ring to which the bases of the 3 cusps 
of the pulmonary valve are attached. 


Left Atrium. Only the auricle of the left 
atrium (Figs. 256 and 257) can be seen in front, 
and to view the remainder of this chamber, 
one must lift the apex of the heart upward 
and examine the posterior surface of the or- 
gan. The left atrium is quadrilateral in shape, 
and its interior reveals the openings of the 4 
pulmonary veins, usually 2 on either side. 
These veins are unguarded by valves. The in- 
terior of the chamber is quite smooth except 
in its auricular portion, where musculi pecti- 
nati are present. In a fresh heart the interior 
of the left atrium looks much paler than that 
of the other chambers, because of the greater 
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Fig. 256. Left atrium and the left ventricle. Windows have been cut into these chambers, and arrows 
indicate the course of the blood stream. 
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Fig. 257. Diagram of heart chambers, valves and vessels. The arrows indicate the direction of blood 
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thickness of the endocardium, which can be 
stripped off easily, though it is quite difficult 
to do this in any other cardiac chamber. Blood 
leaves the left atrium and enters the left ven- 
tricle via the left atrioventricular orifice. This 
is smaller than the one on the right and admits 
only 2 fingers. 


Left Ventricle. The cavity of the left ventricle 
(Fig. 256) is longer and narrower than that 
of the right, and the walls are much thicker. 
Its interior reveals a dense meshwork of tra- 
beculae carneae which are finer but more nu- 
merous than those of the right. However, the 
papillary muscles of this ventricle are less nu- 
merous and much stronger; the chordae tendi- 
nae from each papillary muscle pass to both 
cusps of the mitral valve. The left atrioven- 
tricular orifice is surrounded by the bicuspid 
(mitral) valve, which consists of a larger ante- 
rior cusp and a smaller posterior one. Blood 
leaves the left ventricle via the aortic orifice, 
which is at the upper right and posterior part, 
and (like the pulmonary orifice) is surrounded 
by a fibrous ring to which the bases of the 
cusps of the aortic valve are attached. The 
aortic valve, like the pulmonary, has 3 semilu- 
nar cusps (Fig. 258). 


Blood Vessels and Nerves 


The pulmonary trunk (Figs. 249 and 252) 
arises from the infundibulum of the right ven- 
tricle, passes upward and backward and car- 
ries the blood from the right ventricle to the 
lung. It is about 2 inches long and nearly 1 
inch in diameter. It lies within the fibrous peri- 
cardium, being enclosed with the ascending 
aorta in a sheath of serous pericardium. As 
it passes upward, it lies between the right and 
the left auricles which embrace it; being in 
front of the aorta, it conceals the roof of this 
vessel. It is behind the sternal extremity of 
the 3rd left costal cartilage, and as it travels 
upward and backward, it bifurcates below the 
arch of the aorta like the letter “T” into right 
and left pulmonary arteries. This bifurcation 
takes place opposite the sternal end of the 
second left costal cartilage. 

The ligamentum arteriosum is a fibrous 
band which extends from the bifurcation of 
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the pulmonary trunk to the lower aspect of 
the aortic arch. It represents the remains of 
the ductus arteriosus of the fetus, a vessel 
which short-circuits the blood from the pul- 
monary circulation into the aorta. The left re- 
current laryngeal nerve hooks around the left 
side of the ligament. 

The pulmonary trunk has the following re- 
lations: anterior, the pericardium and the left 
pleura and lungs; posterior, the ascending 
aorta and the left atrium; superior, the arch 
of the aorta and the ligamentum arteriosum; 
laterally, the corresponding coronary arteries 
and auricles; on the right side, the ascending 
aorta. 

The right pulmonary artery is longer than 
the left; it commences below the arch of the 
aorta and passes to the hilum of the right lung. 
In its course, it travels behind the ascending 
aorta and the superior vena cava, and in front 
of the esophagus and the stem of the right 
bronchus. It divides into 3 primary branches, 
one for each lobe. 

The left pulmonary artery passes directly 
to the left in front of the descending aorta 
and the left bronchus. At the root of the left 
lung it divides into 2 primary branches, one 
for each lobe. 

The aorta is the great arterial trunk of the 
body. It is situated partly in the thorax and 
partly in the abdomen. It commences at the 
left ventricle, arches over the root of the left 
lung, descends in front of the vertebral col- 
umn through the diaphragm and enters the 
abdomen. It ends opposite the left side of the 
body of the 4th lumbar vertebra by bifurcat- 
ing into 2 common iliac arteries. It is conven- 
iently divided into 4 parts: the ascending 
aorta, the arch of the aorta, the descending 
aorta and the abdominal aorta. The ascending 
aorta springs from the left ventricle at the 
aortic orifice and travels upward and to the 
right. It is about 2 inches long and extends 
from the lower border of the 3rd left costal 
cartilage to the level of the 2nd right cartilage. 
At the 2nd right costal interspace it is covered 
only by a thin layer of right lung; therefore, 
the aortic sounds can be heard best at this 
point. The superior vena cava lies to its right, 
and the pulmonary trunk to its left; its 
branches are the right and the left coronary 
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Fig. 258. The heart valves seen from above. The origins of the coronary arteries are shown. 


arteries (Fig. 252). The arch of the aorta is 
directed to the left, but the principal inclina- 
tion is backward. It begins at the level of the 
2nd costal cartilage at the right border of the 
sternum and extends to the left of the body 
of the 4th thoracic vertebra. Since aneurysms 
may involve this part of the vessel, its relations 
become clinically important. 


Relations of the arch to the aorta. Five struc- 
tures lie posterior and to the right: (1) the tra- 
chea, (2) the esophagus, (3) the left recurrent 
laryngeal nerve, (4) the thoracic duct and (5) 
the vertebral column. Five structures lie ante- 
rior and to the left: (1) the lung and the pleura, 
(2) the left phrenic nerve, (3) the left vagus 
nerve, (4) the cardiac nerve and (5) the supe- 
rior intercostal vein. Five structures lie below: 
(1) the left bronchus, (2) the right pulmonary 
artery, (3) the ligamentum arteriosum, (4) the 
left recurrent laryngeal nerve and (5) the su- 
perficial cardiac plexus. Five structures lie 
above: (1) the left common carotid artery, (2) 
the left subclavian artery, (3) the brachioce- 
phalic (innominate) artery, (4) the thymus and 
(5) the left innominate vein. 


The arch of the aorta supplies 3 branches 
in the order named: the brachiocephalic (in- 
nominate), the left common carotid and the 
left subclavian arteries (Fig. 252). 

1. The brachiocephalic (innominate) artery 
arises from the aorta in front of the trachea 
and then passes upward, backward and to the 
right. At the posterior aspect of the sternocla- 
vicular joint, it divides into the right subcla- 
vian and the right common carotid arteries. 
Anteriorly, it is separated from the manu- 
brium sterni by the remains of the thymus 
and the left brachiocephalic (innominate) 
vein; the vein crosses the artery near the ori- 
gin of the latter. To the right side of the artery 
lie the right brachiocephalic (innominate) 
vein and the superior vena cava, which inter- 
venes between the artery and the right pleura 
and lung. To its left side, it is related to the 
left common carotid artery and the trachea. 
Posteriorly, it lies on the trachea below and 
the longus cervicis muscle above. 

2. The left common carotid artery arises from 
the aortic arch immediately to the left of the 
innominate artery. It passes upward and to 
the left and enters the neck behind the left 
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sternoclavicular joint. At their origins, the left 
common carotid and the brachiocephalic (in- 
nominate) arteries lie side by side, but they 
diverge as they ascend. Anteriorly, the artery 
is crossed by the left brachiocephalic (innomi- 
nate) vein, and the remains of the thymus in- 
tervene between it and the manubrium. Pos- 
teriorly, it is in contact with the trachea, the 
left recurrent laryngeal nerve and the esopha- 
gus. On its left side it is related to the left 
phrenic and vagus nerves, the left subclavian 
artery and the left lung and pleura. On its 
right side is the brachiocephalic (innominate) 
artery. 
3. The left subclavian artery arises from the 
aortic arch behind and to the left of the com- 
mon carotid. It arches upward and laterally 
and enters the neck. Except at its origin, 
where it is crossed by the left innominate vein, 
this artery lies in a groove on the left lung. 
The descending aorta is continuous with the 
arch at the lower border of the left side of 
the 4th thoracic vertebra. Its length varies 
with the length of the thorax, but it averages 
from 7 to 8 inches. It travels on the left side 
of the body of the upper posterior mediastinal 
vertebrae (the 5th, the 6th and the 7th) into 
which it usually forms a groove. It then in- 
clines to the median plane and, at this level, 
passes through the diaphragm and enters the 
abdomen. Throughout its course it is in close 
contact with the left mediastinal pleura and 
the left lung and, as it descends, it passes be- 
hind the root of the left lung and the pericar- 
dium. It is crossed obliquely by the esophagus, 
which passes from its right to its left side (Fig. 
163). Throughout its course, the thoracic duct 
and the azygos vein lie on its right postero- 
lateral side, and these structures pass with it 
through the aortic orifice in the diaphragm 
at a level between the 12th thoracic and Ist 
lumbar vertebrae. The hemiazygos vein is on 
its left posterolateral side. Branches arise from 
both the front and the back of the descending 
aorta. The posterior branches consist of 9 pairs 
of posterior intercostal arteries of the lower 
9 intercostal spaces, and one pair of subcostal 
arteries (Fig. 276). Those branches which arise 
from the front of the vessel are 2 left bronchial 
arteries, 4 esophageal and some small medias- 
tinal, phrenic and pericardial branches. 


Thorax: Heart 


The coronary arteries are the nutrient ves- 
sels of the heart (Figs. 258 and 259 A). They 
arise from dilatations of the root of the aorta, 
which are called the sinuses of the aorta. 
There are 3 such sinuses—1 anterior and 2 
posterior—but only 2 coronary arteries—a 
right and a left. The right coronary arises from 
the anterior sinus, and the left from the left 
posterior sinus. The origins of these vessels 
are hidden anteriorly by the right auricular 
appendix and the pulmonary artery. The ves- 
sels pass forward, one on either side of the 
pulmonary artery, and have the correspond- 
ing auricular appendage to their lateral sides. 

The right artery travels in the right atrio- 
ventricular sulcus to the back of the heart until 
it reaches the beginning of the posterior inter- 
ventricular groove, where it gives rise to a 
well-developed posterior descending inter- 
ventricular branch. 

The left coronary artery reaches the ante- 
rior interventricular sulcus, into which it 
sends an anterior descending interventricular 
branch, and the main trunk of the artery (cir- 
cumflex artery) continues around the left side 
of the heart to reach its posterior aspect. The 
course of this vessel may be obscured by fat 
in the left auriculoventricular sulcus. 

Successful diagnosis and surgery based on 
arteriography requires knowledge of the rela- 
tionship of the coronary ostia. The sinuses of 
Valsalva are localized areas of dilation imme- 
diately above the aortic valves. They are iden- 
tified as right, left and noncoronary. The pos- 
terior is the noncoronary sinus and is usually 
the largest. The right sinus is placed somewhat 
anteriorly, and the left somewhat posteriorly 
(Fig. 260). 

The right coronary artery emerges from its 
ostium, passes beneath the right atrial ap- 
pendage and continues caudally in the atrio- 
ventricular sulcus between the right atrium 
and the right ventricle. According to Abrams 
and Adams, the portion lying in the atrioven- 
tricular sulcus is called the “right circumflex 
artery” to emphasize its analogous location 
and distribution to the left circumflex artery. 
The first branch of the right coronary artery 
is the pulmonary conus branch. It runs anteri- 
orly across the right ventricular outflow tract 
at the level of the pulmonary valve. At times, 
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Fig. 259. Arteries and veins of the heart: (A) coronary arteries; (B) the venous drainage. 


it arises from the right coronary sinus as a 
“third coronary artery.” When stenosis is pres- 
ent, the conus branch provides a collateral 
pathway to the anterior descending branches. 
Multiple muscular branches arise from the 
right circumflex artery and course anteriorly 
to supply the myocardium of the right ventri- 
cle. The dominating branch among these is 
called the branch of the acute margin. These 
vessels provide collateral circulation to the an- 
terior descending artery or septal branches. 

The left coronary artery passes behind the 
base of the pulmonary artery and bifurcates 


into the anterior descending and left circum- 
flex arteries. The anterior descending artery 
passes in the anterior interventricular sulcus 
and stops after curving around the apex of 
the heart. It supplies muscular branches to 
the anterior part of the right ventricle as well 
as branches to the anterior left ventricular 
wall. It also sends septal branches to the inter- 
ventricular septum. Collateral branches may 
develop through the septal branches of the 
anterior descending artery or over the apex 
of the heart to the posterior descending ar- 
tery. Collaterals may also develop through the 
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Fig. 260. The sinuses of Valsalva. 


right and left ventricular branches of the ante- 
rior descending artery to branches of the right 
and left circumflex arteries, respectively. 

The left circumflex artery passes in the 
atrioventricular sulcus but only occassionally 
reaches the crux of the heart to supply the 
posterior descending artery. When this oc- 
curs, the patient is said to have a “left domi- 
nant coronary system.” The largest of the mus- 
cular branches is called the branch of the 
obtuse margin, which passes over the left ven- 
tricle towards the apex of the heart. 

Numerous variations and descriptions of the 
anatomy of the coronary arteries are common. 
The American Heart Association has its own 
nomenclature. 

The description of the coronary artery 
given above is basic. Figure 261 depicts the 
anatomic placement of the coronary arteries. 
These vessels are presented as they would be 
seen on the angiogram. One can properly in- 
terpret these arteriographic studies by chang- 
ing the position of the various branches with 
rotation of the heart. 

The cardiac veins accompany the arteries 
in the sulci and usually are superficial to the 
arteries (Fig. 259 B). The companion of the 
left coronary artery is the great cardiac vein. 


Thorax: Heart 


It follows the course of the interventricular 
branch of the left coronary artery and the cir- 
cumflex branch. The companion of the inter- 
ventricular branch of the right coronary ar- 
tery is the middle cardiac vein. Most of the 
venous blood of the heart enters the coronary 
sinus, which lies in the atrioventricular sulcus 
at the lower end of the oblique pericardial 
sinus. It is about 1% inches long and opens 
into the right atrium at the left of the orifice 
of the inferior vena cava. 

The nerves which supply the heart are de- 
rived from the vagus and the cervical gan- 
glionated chain. They spread over the aortic 
arch and the heart and are distributed with 
the branches of the coronary vessels. 


Thoracic Projection of the Heart 
and the Great Vessels 


The heart and the great vessels may be pro- 
jected onto the anterior chest wall in the fol- 
lowing way (Fig. 262). Four points are marked 
on the thorax. Two of these are placed in the 
middle of each 2nd intercostal space, and 1 
inch lateral to either sternal margin. If a line 
joins these 2 points, it identifies the clinical 
base of the heart (superior border) and demar- 
cates it from the great vessels. The 3rd point 
is placed just below and medial to the nipple 
in the left 5th intercostal space, and the 4th 
mark is located at the junction of the upper 
and the middle thirds of the xiphoid. If these 
4 points are joined, the heart area is outlined 
quite accurately. The great vessel area is out- 
lined by drawing a horizontal line across the 
manubrium about % inch below the supra- 
sternal notch. This line extends a little less 
than | inch lateral to either sternal margin. 
Two vertical lines connect these points to the 
cardiac area. 

The internal jugular and the subclavian 
veins unite behind the sternoclavicular articu- 
lation to form the brachiocephalic (innomi- 
nate) vein. The left innominate vein is longer 
because it must pass obliquely behind the up- 
per half of the manubrium to join the right 
innominate vein, thus forming the superior 
vena cava. This junction takes place behind 
the middle of the right border of the manu- 
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Fig. 261. The anatomic placement of the coronary arteries. 


brium. The superior vena cava is thus formed 
in the region of the sternal angle and contin- 
ues as far as the right 3rd costal cartilage. At 
this point the right atrium begins and contin- 
ues from the 3rd costal cartilage to the 6th, 
making a slight convex bulge outward; this 
represents the right border of the heart. The 
inferior vena cava enters the right atrium ap- 
proximately at the level of the 6th costal carti- 
lage. Therefore, a straight line can be drawn 
l or 2 cm. laterally to the right border of the 
sternum which connects the right internal 
jugular vein with the inferior vena cava. This 
line would mark the right internal jugular 
vein, the superior vena cava, the right atrium 
and the inferior vena cava. The inferior mar- 
gin of the heart extends from the 6th costal 
cartilage on the right, near the entrance of 
the inferior vena cava, to the apex of the heart. 
It is convex and lies on the diaphragm. The 
cardiac apex is located in the 5th left intercos- 
tal space, approximately 3⁄2 inches from the 
median plane. However, this is a variable 
point, since it lies higher in children (4th in- 
terspace), lower in older people and is 
changed in pathologic conditions of the heart. 


The line indicating the division of the right 
atrium from the right ventricle (atrioventricu- 
lar sulcus) is drawn from the 3rd left to the 
6th right sternocostal joints. The left auricle 
can be indicated by drawing a small circle 
approximately the size of a dime at the sternal 
margin of the 2nd left intercostal space. The 
left ventricle is marked as a small strip which 
extends between the 3rd and the 6th left cos- 
tal cartilages to the apex. Therefore, all 4 
chambers of the heart may be mapped out 
over the sternocostal surface. 

The veins in this area usually lie superficial 
to the arteries. The ascending aorta overlaps 
the superior vena cava as it passes upward 
and to the right. The arch of the aorta passes 
backward and to the left, behind the lower 
half of the manubrium; it is below the left 
brachiocephalic (innominate) vein. The latter 
crosses in front of the vein, the left common 
carotid and left subclavian arteries. The pul- 
monary trunk passes upward and to the left, 
between the auricles. It lies in front of and 
hides the root of the aorta, and below the aor- 
tic arch it divides into a right and left pulmo- 
nary artery. 
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Fig. 262. Thoracic projection of the heart and the 
great vessels. (A) The structures are shown in situ. 
(B) The heart and the great vessel areas are pro- 


The veins of the sternocostal area consist 
of the right and the left innominates. 

The right brachiocephalic (innominate) 
vein passes almost vertically downward for 
about 1 inch, but the left, which is nearly 3 
times as long, runs almost horizontally behind 
the upper half of the manubrium. It joins the 
right vein behind the lower part of the Ist 
right costal cartilage near its junction with the 
manubrium. At times the left brachiocephalic 
(innominate) vein may appear above the su- 
prasternal notch. This happens more fre- 
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jected by marking 6 points on the anterior chest 
wall. 


quently in children. If this should be the case, 
the vein is in danger in operations about the 
root of the neck. To the left side of the vein 
is the innominate artery, but the vein some- 
what overlaps the artery. It is separated from 
the sternoclavicular joint by the sternohyoid 
and the sternothyroid muscles. 

The left brachiocephalic (innominate) vein 
begins behind the left sternoclavicular joint 
and ends by joining the right brachiocephalic 
(innominate) to form the superior vena cava. 
In its oblique course it passes behind the re- 


Surgical Considerations 


mains of the thymus and in front of the left 
subclavian, the left common carotid and the 
brachiocephalic (innominate) arteries. 


Areas of Maximum Audibility of 
Heart Valve Sounds and Their 
Thoracic Projection 


The audibility of the heart valves (Fig. 263) 
depends on the depth of the valves from the 
surface of the chest, the sound transmitting 
quality of tissue and the direction of blood 
flow in the heart chambers. 

The tricuspid valve is heard best at the 
lower left quarter of the body of the sternum. 
This is where the right ventricle is nearest 
the surface. Authors disagree on this point. 

The pulmonary valve is heard best at the 
3rd left costal cartilage close to the sternum. 
This is opposite the valve proper, since the 
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pulmonary trunk recedes from the surface as 
it travels upward. 

The mitral valve is placed deeper than the 
valves of the right side of the heart; it is lo- 
cated posterior to the left half of the sternum 
on a level with the 4th costal cartilage. Its 
auscultatory area is in the direction of the 
blood flow as it passes from auricle to ventricle 
and is over the cardiac apex. 

The aortic valve sound is heard best in the 
second right intercostal space at the sternal 
margin and is projected along the course of 
the blood stream. The ascending aorta passes 
forward, upward and to the right. 


Surgical Considerations 


Exposure of the Heart 


Many incisions have been described, but only 
the more popular ones are considered. 
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Fig. 263. Surface projection of the heart valves and their areas of maximum audibility. 
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The Duval-Barasty incision to the pericar- 
dium and the heart gives excellent exposure 
and protects the pleural cavities (Fig. 264). 
Its only drawback is that it takes time to open 
and close and may be associated with shock. 
The incision is made in the midline from the 
2nd rib to the midepigastrium. The xiphoid 
is removed, and the sternum is split to the 
2nd interspace where it is cut transversely. 
The split halves of the sternum are retracted, 
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the pleurae pushed aside, and the pericar- 
dium opened anteriorly. The diaphragm and 
the anterior pericardium are incised, making 
the incision a thoracoabdominal one. 
Spangaro’s incision is really an intercosto- 
chondral thoracotomy which provides a rapid 
approach to the heart but not as good expo- 
sure as does the Duval-Barasty (Fig. 265). The 
incision is made through the 4th intercostal 
space from the margin of the sternum to the 
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Fig. 264. The Duval-Barasty incision. This provides excellent exposure of the heart and protects the 


pleural cavities. 
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Fig. 265. Spangaro’s incision. This approach provides rapid access to the heart, but at times inadequate 


exposure. 


anterior axillary line. The internal mammary 
vessels are ligated and divided. The 4th and 
the 5th ribs and cartilages are separated, and 
the left lung is retracted. The pericardium is 
incised in the long axis of the heart, and the 
pathologic areas are exposed and treated. 
Parasternal and semicircular incisions 
which utilize flaps have also been advocated. 


Coronary Artery Surgery. Numerous opera- 
tions have been devised for patients with ob- 
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Fig. 266. Coronary artery bypass procedure. 


structive disease of the coronary circulation. 
Frequently, these patients are candidates for 
surgical grafts of autogenous veins anasto- 
mosed between the aorta and the coronary 
artery or arteries; the saphenous vein is the 
one most often used. Many types of bypass 
operations have been described in texts deal- 
ing with this subject (Fig. 266). Sabiston de- 
picts a procedure in which the saphenous vein 
has been anastomosed from the side of the 
ascending aorta to the side of the left anterior 
descending coronary artery distal to the ob- 
struction in the anterior descending coronary 
artery. This is one of the typical procedures 
used today. However, the field is progressing 
so rapidly that one must keep abreast of mod- 
ern methodologies and modifications. 


Wounds of the Heart 


The immediate dangers in heart wounds are 
tamponade and hemorrhage. Aspiration while 
preparations for the operation are being made 
may be lifesaving. One of the above-men- 
tioned incisions is utilized, and the wound in 
the pericardium is located and enlarged. If 
this is not found, the pericardium is opened 
between stay sutures. When the intrapericar- 
dial pressure is released, the bleeding be- 
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comes profuse, and the contractions of the 
heart increase in force. 

The greatest difficulty is encountered in 
placing the first stitch. When the cardiac 
wound is located, the index finger of the left 
hand is placed over it, and the surrounding 
blood is removed by suction. The first suture 
is placed directly beneath the finger and may 
be used for traction and hemostasis. The 
wound is closed, the sutures passing into the 
muscle but not into the heart chambers. 

Claude Beck has emphasized the fact that 
wounds located in the edges of the heart, on 
its posterior surface, or behind the sternum 
are reached best by placing an apex suture. 
By this method the heart may be rotated so 
that the injury can be exposed properly. 
Beck’s control suture steadies the heart while 
the other sutures are being placed. The peri- 
cardium should be closed loosely with inter- 
rupted sutures so that space is allowed for 
drainage of the intrapericardial fluid which 
will accumulate. Muscle, fascia and skin are 
closed in layers. 


Congenital Defects 


Congenital defects of the heart and the great 
vessels were described as early as 1777 by the 
eminent Dutch physician Sandifort, who gave 
a remarkably clear description of what is 
known today as the “tetralogy of Fallot.” One 
of the most prolific contributors to the knowl- 
edge of these anomalies was Maude E. Abbott. 
To her goes the credit in a large measure for 
being responsible for today’s diagnostic preci- 
sion which resulted in a new and gratifying 
field of surgery. When one discusses these dra- 
matic events, the names of Bailey, Blalock, 
Crafoord, Gross and Taussig must be men- 
tioned also. In a book of this type the many 
cardiac anomalies are too numerous to be 
mentioned. Some of the more common ones 
will be described so as to give the student 
of surgical anatomy a mere taste of this in- 
triguing field of study. 


Cor Biloculare (2-Chambered Heart). This is 
the most primitive (Fig. 267). The heart car- 
diac defect has a single atrium, a single ventri- 
cle and a common atrioventricular valve. It 
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Fig. 267. Cor biloculare—the primitive 2-cham- 
bered heart. 
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Fig. 268. Cor triloculare biatriatum—the 3-cham- 
bered heart. 


Congenital Defects 


must be remembered that many anomalies 
may appear in a given specimen. Therefore, 
in the diagram herein presented it will be 
noted that the pulmonary trunk lies behind 
the aorta and is atretic. Pulmonary circulation 
takes place via a patent ductus arteriosus. 
Death ensues in these patients in infancy or 


early childhood. 


Cor Triloculare Biatriatum (3-Chambered 
Heart). This cardiac defect consists of 2 atria 
and a single ventricle (Fig. 268). No ventricu- 
lar septum exists, and in the diagram shown 
here there is an associated transposition of the 
aorta and the pulmonary artery. It resembles 
the 2-chambered heart in that there is a free 
admixture of venous and aerated blood in the 
single ventricle. The chances of survival are 
somewhat greater than in the 2-chambered 
heart, although death occurs commonly dur- 
ing infancy. 

The tetralogy of Fallot as originally de- 
scribed consisted of (Fig. 269): 
1. Pulmonary stenosis (atresia) 
2. Dextraposition of the aorta 
3. Interventricular septal defect 
4. Hypertrophy of the right ventricle 
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This is the most common malformation associ- 
ated with cyanosis which permits the patients 
to survive beyond 2 years of age. Potts and 
Blalock have attempted to correct the pulmo- 
nary stenosis by creating an artificial ductus 
arteriosus. Potts accomplished this by per- 
forming a side-to-side anastomosis between 
the pulmonary trunk and the aorta (Fig. 270). 
The Blalock procedure consists of an end-to- 
side anastomosis between a systemic branch 
of the aorta (subclavian) and one of the 2 pul- 
monary arteries (Fig. 271). Numerous modifi- 
cations of these procedures have been de- 
scribed. 

The Eisenmenger complex reveals a heart 
that has a ventricular septal defect with biven- 
tricular origin of the aorta (Fig. 272). The aorta 
straddles a defect in the membranous portion 
of the ventricular septum. Because of this the 
right and the left ventricles share in the pro- 
pelling of blood into the aorta; the pressure 
in the 2 ventricles is similar, being at systemic 
levels. In the Eisenmenger complex the small 
arteries in the lungs closely resemble those 
of the normal fetus in which there is increased 
resistance to pulmonary blood flow. 

Patent ductus arteriosus permits blood to 
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Fig. 269. The tetralogy of Fallot. 
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Fig. 270. The Potts operation for tetralogy of Fal- the aortic lumen. The pulmonary trunk is tempo- 
lot. This illustration depicts a left-sided approach _ rarily obstructed proximally and distally to the site 
and a Potts clamp applied to the mobilized aorta. of anastomosis. 

This clamp allows flow of blood through part of 
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Fig. 271. The Blalock-Taussig anastomosis of the right subclavian branch of the brachiocephalic (innomi- 
nate) artery to the right pulmonary artery for tetralogy of Fallot. 
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Fig. 272. Diagrammatic presentation of the Eisen- 
menger complex. 


flow from the aorta into the pulmonary trunk 
(Fig. 273). It should be recalled that during 
fetal life the ductus arteriosus is a normally 
functioning channel which short-circuits 
blood from the pulmonary trunk to the aorta. 
This should become obliterated at or shortly 
after birth. If the ductus remains open, great 
volumes of blood reach the pulmonary trunk 
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Fig. 273. A patent ductus arteriosus. 
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via the aorta and are reflected in a left ven- 
tricular dilatation and hypertrophy. Two 
types of patent ductus arteriosus have been 
described: one in which it is cylindrical and 
one in which it is stubby, the latter being 
known as the window type. Evidence of prog- 
ressive cardiac failure in an acyanotic infant 
strongly suggests the possibility of this condi- 
tion. The patient frequently lives to adult life; 
however, life expectancy is reduced materi- 
ally. Among the chief causes of death in un- 
treated cases are bacterial infection and left 
ventricular failure. The closure of a patent 
ductus arteriosus is now a standard surgical 
procedure (Fig. 274). 

A patent ductus should be ligated or divided 
to improve circulatory function and to dimin- 
ish the hazards of blood stream infection. The 
operation is performed usually through an in- 
cision in the left mammary fold as advocated 
by Gross (Fig. 274). This extends from the ster- 
num to the anterior axillary line. The breast 
is reflected cephalad, and the soft tissues are 
divided so that the 3rd and the 4th costal carti- 
lages are exposed. The pleural cavity is en- 
tered through the 3rd intercostal space, the 
3rd and 4th cartilages are divided, and the 
ribs retracted. The lung is retracted, the me- 
diastinal pleura incised, and the arch of the 
aorta and the pulmonary artery exposed. The 
phrenic and the vagus nerves are identified 
and mobilized, and the patent ductus is com- 
pletely exposed. The latter is divided between 
clamps and carefully sutured. Harrington has 
expressed the belief that the older an individ- 
ual grows the shorter the ductus becomes, so 
that in adults the duct has really become an 
arteriovenous fistula. The parietal pleura of 
the mediastinum is sutured, and closure of the 
chest wall is accomplished in layers. 


Coarctation of the Aorta. This narrowing or 
constriction can occur anywhere in this vessel 
from the midpoint of the arch down to its 
bifurcation. However, very few are found in 
the abdomen or the lower thorax. But 98 per- 
cent of coarctations are located in the first 
part of the descending aorta just beyond the 
arch (Fig. 275). 

There has been a tendency to divide this 
condition into 2 distinct forms. In the first, 
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Fig. 274. Operation for patent ductus arteriosus. 
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Fig. 275. Coarctation of the aorta. 


the so-called “infantile type,” there is a long 
segment of constriction, and it is associated 
with severe intracardiac abnormalities, com- 
monly leading to death within the first few 
years of life. The second, the so-called “adult 
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type,” was supposed to have a blockage of a 
short segment and be prone to involve the 
aorta beyond the origin of the left subclavian 
artery. Hence, it is not accompanied by 
marked intracardiac malformations, and the 
prognosis is better for life into adult years. 

Modern authorities in this field believe that 
there is little point in classifying coarctations 
of the aorta into these 2 artificial groups be- 
cause of the tremendous amount of overlap- 
ping, thus making the classification useless. 
Some authors are of the opinion that the rela- 
tionship of coarctation to the ligamentum ar- 
teriosum (obliterated ductus arteriosus) is im- 
portant. 

Probably more important than this relation- 
ship is the advisability of determining whether 
or not the ductus arteriosus is patent. Collat- 
eral arterial circulation is rarely seen in chil- 
dren but may be detected after the Ist de- 
cade, particularly in thin subjects (Fig. 276). 
Pulsations may be seen and felt above and 
below the clavicles, in the axillae, in the inter- 
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Fig. 276. Diagrammatic representation of the collateral circulation in coarctation. 
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costal spaces, particularly in the forward half 
of the chest, in the epigastrium and over the 
upper half of the back. When collateral circu- 
lation is marked, these pulsations may appear 
in the anterior abdominal wall; at times they 
have been traced down as far as the inguinal 
regions. Some of the causes of death from 
coarctation of the aorta are left ventricular 
failure, rupture of the aorta, bacterial endo- 
carditis and rupture of an aneurysm of the 
Circle of Willis. 

Surgical correction of the condition is ac- 
complished in one of three ways: (1) the ideal 
correction is removal of the narrow segment 
with an end-to-end anastomosis between the 
proximal and the distal ends of the aorta; (2) 
a bypass procedure has been advocated in 
which the left subclavian artery has been anas- 
tomosed to the distal end of the aorta; (3) re- 
section of the constricted segment with the 
insertion of a graft between proximal and dis- 
tal ends of the aorta. 

Atrial septal defect is among the commoner 
types of congenital cardiac anomalies, particu- 
larly those seen in adult life. The usual form 
of this defect is a valvular incompetence of 
the foramen ovale (Fig. 277). This defect al- 
lows oxygenated blood to flow from the left 
atrium to the right atrium, thus resulting in 
a recirculation of oxygenated blood through 
the lungs. Such defects, if appreciable, cause 
dilatation and hypertrophy of the right ventri- 
cle, enlargement of the right atrium, and en- 


largement of the pulmonary trunk and its: 


branches. There is no cyanosis so long as the 
shunt is arteriovenous. Symptoms may be ab- 
sent or minimal, and in the extreme instances 
congestive heart failure and sudden death 
may occur. On occasion an embolus may es- 
cape through an atrial septal defect, resulting 
in a phenomenon known as “paradoxical em- 
bolism.” 

Ventricular septal defects may occur in ei- 
ther the membranous or the muscular por- 
tions of the ventricular septum (Fig. 278). This 
defect permits the shunt of blood from the 
left ventricle to the right ventricle, producing 
an increased load of work on both ventricles. 
Patients who survive the Ist year of life with 
such defects may live many years without dis- 
ability and reach adulthood with few signs, if 
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Fig. 277. Diagrammatic representation of an atrial 
septal defect. The arrows indicate the possible flow 
of blood. 


any, and no cardiac enlargement. Bacterial 
endocarditis is a common complication in pa- 
tients who survive infancy. 


Surgery of the Aorta 
Aneurysms of the thoracic aorta have been 


classified by their anatomic locations. We shall 
discuss aneurysms of the ascending aorta, 





Fig. 278. Ventricular septal defect. The arrows in- 
dicate the possible flow of blood. 
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Fig. 279(A). The aneurysm is located and removed. 
(B) The coronary arteries are perfused to support 
the coronary circulation. The dissected wall of this 
dissecting aneurysm is approximated with inter- 


transverse aortic arch, descending thoracic 
aorta and thoracoabdominal aorta. 


Aneurysms of the ascending aorta. Because 
of the progressive development of surgical 
techniques for the correction of aortic insuff- 
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Fig. 280 (A). Transection of the aorta leaving a cuff 
for the great vessels. (B) A method of left ventricu- 
lar perfusion for myocardial protection. The three 
great vessels are kept intact and a cuff of the aortic 
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Graft 





rupted sutures. (C) The completed reconstruction 
of the aorta with a dacron graft. The coronary cath- 
eters have been removed. 


ciency, intervention is usually advocated at 
an early date, depending on the patient’s con- 
dition. Basically the procedure consists of a 
cardiopulmonary bypass, occlusion of the 
aorta, excision of the aneurysm, suturing the 
wall of the aorta and a graft (Fig. 279). This 





é- 
Cuff 
‘Catheters a / Groft 
Anastomoses 
pe C 


arch has been prepared. (C) The completed proce- 
dure with a graft connecting the ascending and 
descending aorta, the implant of the cuff and the 
three major vessels sutured in place. 
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Fig. 281. Treatment for aneurysm of the descend- 
ing aorta. (A) Clamps are placed above and below 
the aneurysm. (B) The aneurysm is opened widely; 
only the anterior wall is excised to avoid excessive 
bleeding should the aneurysm be adherent to the 
lung and vertebral column. (C) The bleeding inter- 


operation has many modifications, depending 
on the extent of the aneurysm and its position 
in relation to the ostia of the coronary arteries. 


Aneurysms of the transverse aortic arch. 
Griepp and colleagues have devised a 
highly complex and challenging procedure for 
this condition. In it there is practically total 
replacement of the aortic arch (Fig. 280). 
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costal arteries are oversewn from within the lumen 
of the aneurysm. (D) A dacron graft is in place, 
sutured proximally and distally to reconstruct the 
aorta. Following completion of the anastomosis, the 
remaining sac is used to partially surround the 
graft. 


Aneurysms of the descending thoracic aorta. 
This is an extensive procedure which is 
associated with an arteriofemoral bypass for 
the purpose of insuring adequate perfusion 
of the arterial circulation proximal and distal 
to the aneurysm (Fig. 281). 


SECTION 3 THORAX 


Chapter 19 


Azygos System of Veins and 
Superior Vena Cava 


The azygos system (Fig. 282) consists of 3 veins 
which form longitudinal collecting trunks into 
which the intercostal veins drain: the azygos 
(vena azygos major), the hemiazygos (vena 
azygos minor inferior) and the accessory 
hemiazygos (vena azygos minor superior). The 
azygos is located on the right side, and the 
hemiazygos and the accessory hemiazygos on 
the left. The right and the left ascending lum- 
bar veins constitute the most caudal portion 
of the system and drain into the azygos and 
the hemiazygos, respectively. These veins, be- 
cause they link together the superior and the 
inferior venae cavae, constitute important 
anastomosing channels. 

The azygos vein begins in the abdomen, 
approximately where the renal vein enters 
the inferior vena cava. Its origin is variable, 
but most anatomists are of the opinion that 
it arises from the posterior aspect of the infe- 
rior vena cava; however, others have de- 
scribed its origin as being formed by the union 
of the right ascending lumbar and subcostal 
veins, whereas still others consider it as a 
branch of the right renal vein. It enters the 
thorax on the right side of the thoracic duct 
and the descending aorta, passes upward in 
front of the vertebral bodies and is overlapped 
by the right edge of the esophagus. It passes 
into the thorax through the aortic opening of 
the diaphragm. At the upper border of the 
root of the right lung, it emerges from under 
cover of the esophagus, arches forward above 
the right bronchus and terminates in the supe- 
rior vena cava. Therefore, this vein has verti- 
cal and horizontal portions and is related to 


the mediastinal aspect of the right lung and 
the pleura. Although it has imperfect valves, 
its tributaries have complete ones. The tribu- 
taries are formed by numerous small veins 
such as the esophageal, the pericardial, the 
bronchial and the mediastinal; in addition to 
these, it receives the 2 hemiazygos veins, the 
lower 8 posterior intercostals (subcostal) of the 
right side, and the right superior intercostal 
vein. The last is the common trunk formed 
by the union of the veins from the 2nd and 
the 3rd intercostal spaces. 

The hemiazygos vein (vena azygos minor 
inferior) begins in the left ascending lumbar 
or renal vein. It enters the thorax through 
the left crus of the diaphragm, ascending on 
the left side of the vertebral column as high 
as the 9th thoracic vertebra, where it passes 
across the column and behind the aorta, the 
esophagus and the thoracic duct to end in the 
azygos vein. In its course, it crosses 3 or 4 of 
the lower left intercostal arteries and is cov- 
ered by the pleura. It receives the lower 4 
or 5 left intercostal veins, at times the lower 
end of the accessory hemiazygos, the small 
left mediastinal and the lower left esophageal 
veins. 

The accessory hemiazygos vein (vena azy- 
gos minor superior) varies much in size, posi- 
tion and arrangement, since it is often contin- 
uous with or drained by the left superior 
intercostal vein. Therefore, it varies inversely 
in size with the left superior intercostal. It 
descends on the left side of the vertebral col- 
umn and receives veins from the 3 or 4 inter- 
costal spaces between the superior left inter- 
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Fig. 282. The azygos system of veins. 


costal and the highest tributary of the 
hemiazygos; it either crosses the body of the 
8th thoracic vertebra, emptying into the azy- 
gos, or ends in the hemiazygos. If it is very 
small or entirely absent, the left superior in- 
tercostal extends as low as the 5th or the 6th 
intercostal space. 

If the inferior vena cava is obstructed, the 
azygos and the hemiazygos veins are one of 
the principal means by which collateral ve- 
nous circulation is carried out, since they con- 
nect the venae cavae and communicate with 
the common iliac veins via the ascending lum- 


bar and with many tributaries of the inferior 
vena Cava. 

For additional study of the azygos system 
of veins and its variations and anomalies, one 
can refer to the works of Seib, Huseby and 
Boyden and of H. Neuberger. 

The superior vena cava is about 2 inches 
long and commences at the lower border of 
the right first costal cartilage, where it is 
formed by the union of the 2 innominate 
veins. It pierces the pericardium opposite the 
2nd right costal cartilage and ends in the up- 
per and back part of the right atrium behind 
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Fig. 283. The catheter is in place for a “wedge” pressure reading. 


the 3rd right cartilage. It has no valves, and 
its tributaries are the 2 innominate veins, the 
vena azygos and a few small mediastinal and 
pericardial veins. 

Physiological Monitoring with Swan-Ganz 
Catheter. The development of this balloon 
flotation catheter is a major milestone in the 
monitoring and caring for critical patients. It 
can be used at the bedside to catheterize the 
heart and obtain clinical data pertinent to the 


therapy. The catheter is inserted into the in- 
ternal jugular or subclavian vein through a 
sheath introducer system. It is pushed gently 
into the superior vena cava, right atrium, right 
ventricle and to the pulmonary artery. The 
catheter is in the correct position in the pul- 
monary artery when the balloon tip is wedged 
into one of the left pulmonary artery 
branches. This gives a “wedge pressure” read- 
ing (Fig. 283). 


SECTION 3 THORAX 


Chapter 20 


Thoracic Duct 


Embryology 


In the fetus, the thoracic ducts are a pair of 
vessels that ascend through the posterior me- 
diastinum on each side of the descending tho- 
racic aorta (Figs. 284 B and C). They continue 
through the superior mediastinum, on each 
side of the esophagus, to the root of the neck 
where each arches laterally, immediately be- 
hind the carotid sheath, and opens into the 
angle between the subclavian and the internal 
jugular veins. Because of pressure from the 
aorta, the left duct atrophies; the right per- 
sists, crosses to the left side and empties into 
the left subclavian vein. The disappearance 
and the persistence of the ductus is subject 
to great variation, so that any arrangement 
of anastomoses may result. Jossifow described 
some of these variations and the level of for- 
mation. 


The Adult Duct 


The adult duct (Fig. 284 A) is approximately 
the same length as the spinal cord, about 18 
inches. It begins in the abdomen at the upper 
end of the cisterna chyli, which is an elon- 
gated sac placed under the right crus of the 
diaphragm. 

Three major lymph trunks drain into the 
cisterna: the right and the left lumbars and 
the intestinal. The 2 lumbar trunks are short 
vessels which convey the lymph from the 
lower limbs, the pelvis (viscera included), the 
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kidneys, the suprarenals and the deep lym- 
phatics of the abdominal walls. The left lum- 
bar trunk reaches the cisterna by passing be- 
hind the aorta. The intestinal trunk carries 
lymph from the stomach, the spleen, most of 
the liver and the intestines. 

The thoracic duct has abdominal, thoracic 
and cervical parts. The abdominal part leaves 
the cisterna, passes to the aortic orifice of the 
diaphragm and, with the vena azygos on its 
right, enters the thorax. In the thorax, it passes 
up in the posterior mediastinum with the azy- 
gos vein on the right and the aorta on the 
left. Behind it are the vertebrae, the right in- 
tercostal vessels, the hemiazygos and the ac- 
cessory hemiazygos veins. In front are the dia- 
phragm, the esophagus and the pericardium. 
At the level of the 7th thoracic vertebra, the 
duct begins to cross obliquely to the left until 
it reaches the left side of the body about at 
the level of the 5th thoracic vertebra. It then 
continues up along the left border of the 
esophagus, medial to the pleura and behind 
the left subclavian artery into the neck. The 
cervical part forms an arch which reaches as 
high as the 7th cervical vertebra; it arches 
behind the carotid system (internal jugular 
vein, vagus nerve and common carotid ar- 
tery). As it travels to the left, it crosses the 
scalenus anterior muscle, the phrenic nerve 
and the transverse scapular vessels. The so- 
called vertebral system (vertebral artery, vein 
and sympathetic trunk) lies behind. 

The duct ends medially, usually as a single 
vessel which enters the junction of the left 
internal jugular and subclavian veins; this 
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Fig. 284. Thoracic duct: (A) adult duct; (B) and (C) embryology of the thoracic duct. 
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opening is guarded by valves which prevent 
the regurgitation of blood. Kampmeier re- 
ported that although many valves are present 
in the early development of the thoracic duct, 
most of them disappear later. In the adult the 
duct is usually provided with valves at or near 
its opening into the subclavian vein. It some- 
times divides into two, but these usually re- 
form into a single duct again. This is important 
to recognize in wounds of the neck. In its 
course, the duct returns lymph from both 
lower limbs, the abdomen (except the upper 
surface of the right lobe of the liver), the left 
side of the thorax, the left side of the head 
and the neck, and the left upper limb. 

The right lymph duct is a short vessel, about 
1 inch long, which passes down on the sca- 
lenus anterior muscle and enters the junction 
of the right internal jugular and the subclavian 
veins. It is formed by the union of the right 
jugular, the subclavian and the bronchome- 
diastinal trunks; however, these may open 
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separately. The right duct returns lymph from 
the upper surface of the right lobe of the liver, 
from the right lung and the pleura, and also 
from the right side of the heart. 

Chylothorax and/or chylous ascites usually 
results from pressure on the thoracic duct or 
from trauma. It has been stated that the flow 
through this duct can amount to as much as 
60 to 190 ml. per hour. Hence, following 
trauma, a tremendous loss of lymph may take 
place over a relatively short period of time. 
The duct is usually injured in operations such 
as thoracic sympathectomy or in surgery in 
the region of the posterior mediastinum or 
the neck. A moot question among surgeons 
is whether one should ligate the duct or at- 
tempt an end-to-end anastomosis following in- 
jury. Thoracic ductography has been reported 
by Lowman and also by Stranahan. Such stud- 
ies reveal marked variations in thoracic duct 
patterns which should be compared with the 
usual textbook descriptions. 


SECTION 3 THORAX 


Chapter 21 


Sympathetic Chain 


The term “autonomic” implies autonomous 
or self-controlling. It suggests automatic regu- 
lation without cerebral control, in this in- 
stance, of visceral functions. Therefore, the 
autonomic nervous system controls the motor 
functions of the viscera, since it controls all 
smooth (involuntary) muscle, cardiac muscle 
and glands. 

In general, most viscera are supplied by two 
opposing sets of nerves which are antagonistic 
to each other; when one stimulates, the other 
inhibits activity. Both the stimulating and the 
inhibiting mechanisms require a 2-neuron 
chain between the nucleus of origin in the 
central nervous system and the peripheral or- 
gan which is to be innervated. Such a system 
requires a synapse between the 2 neurons 
which occurs in ganglia outside of the central 
nervous system. The ganglion may be used 
as a point of reference, since the fibers lying 
closest to the brain or the spinal cord are 
called preganglionic (presynaptic) fibers. The 
2nd fiber, the cell of origin of which lies in 
one of the ganglia and carries impulses to an 
organ, is known as a postganglionic (post-sy- 
naptic) fiber. Hence, the autonomic nervous 
system resembles the somatic in that it consists 
of central and peripheral parts. The central 
elements of the autonomic system are intrin- 
sic parts of the central nervous system, being 
located in the cerebral cortex, the hypothal- 
mus, the brain stem, the cerebellum and the 
spinal cord. Many authorities believe that 
there is no actual nerve tissue contact be- 
tween autonomic nerves and the structures 
supplied by them, but that the resultant action 


comes from a liberation of chemical sub- 
stances resembling epinephrine (Adrenalin) 
and acetylcholine, and the divergent effects 
produced thereby are often referred to as ad- 
renergic and cholinergic, respectively. Such 
a concept presupposes the existence of defi- 
nite nerve endings with junctional zones be- 
tween them and the viscera innervated. 

It has become customary to divide the auto- 
nomic nervous system into 2 major portions 
based on the origin of the preganglionic fibers 
from the central nervous system. The pregan- 
glionic fibers which arise from the thoracic 
and the lumbar spinal cord are referred to 
as the thoracolumbar (sympathetic) part. The 
preganglionic fibers which originate either in 
certain cranial nerve nuclei or the sacral part 
of the spinal cord are referred to as the cra- 
niosacral (parasympathetic) part. The sympa- 
thetic trunks enter the thorax from the neck 
and descend in front of the heads of the ribs 
and in front of the posterior intercostal vessels 
and nerves (Fig. 285). 

The thoracic trunks usually have 10 or 11 
separate ganglia which vary in size; occasion- 
ally, there may be 12. The Ist thoracic gan- 
glion is frequently fused with the inferior cer- 
vical sympathetic ganglion to form the stellate 
(cervicothoracic) ganglion. The 2nd thoracic 
ganglion may be fused with the first. The re- 
maining thoracic ganglia frequently lie at the 
levels of the corresponding intervertebral 
disks. The portion of the sympathetic trunk 
between two adjacent ganglia may be double 
and at other times may appear very slender. 
The sympathetic trunks enter the abdomen 
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Fig. 285. The sympathetic ganglionated chain, the splanchnic nerves and the communicating rami. 


via the diaphragm by passing behind the me- 
dial lumbocostal arches. The trunks and the 
ganglia are connected with the ventral rami 
of the thoracic nerve by means of rami com- 
municantes which supply branches to adja- 
cent viscera and blood vessels and then send 
splanchnic nerves into the abdomen (Figs. 286 
and 287). 

Each ganglion has from 1l to 4 rami com- 
municantes which connect it with the corre- 
sponding nerves; connections may also be 
made with the nerve above or the nerve be- 
low. Three ganglionic sympathetic fibers in 
the spinal nerves reach the sympathetic trunk 
by way of these rami communicantes. Post- 
ganglionic fibers from the trunk and the gan- 
glia to these nerves also course in these rami. 
Sensory (pain) fibers from the thoracic and the 
abdominal organs pass through the rami and 


thus reach the spinal nerves and the dorsal 
routes (see Fig. 195). 

Although one cannot be too dogmatic in 
teaching, it may be safe to state that the thora- 
columbar outflow is a mechanism associated 
with emergency situations in contrast with the 
conservatism of the craniosacral outflow. On 
the basis of this concept, we may now enumer- 
ate specific reactions which result from activa- 
tion of the thoracolumbar system: 

1. The pupil of the eye dilates because of exci- 
tation of the dilator pupillae muscle. 

2. The blood pressure becomes elevated be- 
cause of vasoconstriction, both peripheral and 
visceral. 

3. The cardiac rate is increased. 

4. Visceral musculature is inhibited. 

5. External sphincters are activated, thus re- 
sulting in spasms. 


Surgical Considerations 
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Fig. 286. Diagrammatic representation of the au- 
tonomic nerve supply to the viscera of the lower 
abdomen and the pelvis. The dotted lines represent 
postganglionic fibers of the thoracolumbar outflow. 


6. The salivary and the digestive glands are 
inhibited in their activities. 

7. The adrenal medulla is activated and pours 
out epinephrine, enhancing and reinforcing 
all of the above-mentioned responses. 


Surgical Considerations 


Sympathectomy 


Sympathectomy may be helpful in dealing 
with causalgia, painful posttraumatic arthritis, 
painful amputation stump and the phenome- 
non of phantom limb. In these conditions the 
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TETES 


Motor (excitatory) 


The postganglionic fibers of the craniosacral out- 
flow are represented as short solid lines in or on 
the walls of the structures innervated. 


upper thoracic ganglia can be blocked tempo- 
rarily with procaine, and the effect recorded. 
When pain recurs within a few hours after 
such injections, the sympathetic connections 
should be destroyed permanently. It is best 
to employ the preganglionic type of sympa- 
thectomy, as the effect of this operation is be- 
lieved to be due to the elimination of vasomo- 
tor impulses and not to interruption of sensory 
fibers. The physiologic reasons for this have 
been well described by White and Smithwick. 
Sympathectomy as a form of treatment for 
hypertension will be discussed presently. 
Whether it is desired to resect the upper 
thoracic sympathetic ganglia or to sever their 
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Fig. 287. A diagrammatic presentation of the auto- 
nomic nerve supply to the thoracic and the abdomi- 
nal viscera. The dotted lines represent postgan- 
glionic fibers of the thoracolumbar outflow. The 


central connections, the exposure is the same 
(Fig. 288). The patient is placed on the operat- 
ing table face down, with several pillows un- 
der the chest. The incision is made 5 cm. lat- 
eral and parallel with the spinous processes; 
it is 10 cm. in length and centered over the 
ribs to be resected. The trapezius, the rhom- 
boid minor and major, and the serratus poste- 
rior superior muscles are divided. The lateral 
border of the erector spinae and the overlying 
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craniosacral outflow (postganglionic fibers) are 
shown as short solid lines in or on the walls of the 
structures innervated. 


muscles are retracted. This exposes the rib 
and the transverse process to be resected. The 
rib is separated from the intercostal muscles 
and the underlying pleura and is cut off 4 cm. 
lateral to its articulation. The pleura is 
stripped away, and the sympathetic chain is 
located. It is best to divide the trunk below 
the 3rd thoracic ganglion first and then work 
upward, freeing it from the sides of the verte- 
brae and cutting its rami. 
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Fig. 288. Thoracic sympathectomy (posterior approach). 


SECTION 4 ABDOMEN 


Chapter 22 


Abdominal Walls 


Anterior Abdominal Wall 


Boundaries 


The anterior abdominal wall is bounded above 
by the costal margins and the xiphoid process 
of the sternum; only the costal cartilages of 
ribs 7, 8, 9 and 10 take part in this boundary, 
for the 11th and the 12th ribs do not reach 
the margin. It is bounded below and on each 
side by the portion of the iliac crest lying be- 
tween the iliac tubercle and the anterior supe- 
rior iliac spine, by the inguinal ligament, the 
pubic crests and the upper end of the pubic 
symphysis. The xiphoid process lies at the bot- 
tom of the depression between the two 7th 
costal cartilages; its edges and tip afford at- 
tachment for the aponeurosis of the transver- 
sus abdominis muscle. Since it is painful and 
at times difficult to palpate the xiphoid, the 
lower end of the body of the sternum serves 
as a preferable landmark. 


Surface Anatomy 


The lines of tension of the abdominal skin are 
nearly tranverse; therefore, vertical scars tend 
to stretch, but transverse incisions become less 
conspicuous with time. 

The skin of the abdomen is loosely attached 
to the underlying structures except at the um- 
bilicus where it is normally firmly adherent. 

The linea alba extends in the midline from 
the xiphoid to the symphysis pubis; it is di- 
vided by the umbilicus into a supra-umbilical 
portion, which is a band about %-inch wide, 
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and an infraumbilical part, which is so narrow 
that the recti almost touch. This is important 
surgically, since a midline incision placed 
above the umbilicus comes directly onto this 
broad band, but in an infraumbilical midline 
incision it is difficult to find the threadlike mid- 
line. The linea alba is a fibrous raphe formed 
by the decussation of the 3 lateral abdominal 
muscles; since it contains few or no blood ves- 
sels, it can be incised with very little bleeding. 

Clinically, the anterolateral abdominal wall 
has been divided into 9 regions created by 
2 horizontal and 2 vertical lines (Fig. 289). 
The 2 horizontal lines are constructed in the 
following way: the upper line is placed at the 
level of the 9th costal cartilages, and the lower 
at the top of the iliac crests. The 2 vertical 
lines extend upward from the middle of the 
inguinal (Poupart’s) ligament to the cartilage 
of the 8th rib. The 9 regions thus constructed 
are: 3 upper regions—left hypochondriac, epi- 
gastric and right hypochondriac; 3 middle re- 
gions—left lumbar, umbilical and right lum- 
bar; 3 lower regions—left iliac, hypogastric 
and right iliac. Identifying the regions in this 
way aids in the description and the location 
of the viscera and the abdominal masses. 

The umbilicus, or navel, is located in the 
linea alba, a little nearer the symphysis than 
the xiphoid. Usually its level is between the 
disks of the 3rd and the 4th lumbar vertebrae, 
but since it may vary in position, it is not too 
reliable a landmark. 

It is a puckered scar which marks the site 
of the umbilical cord, through which 4 tubes 
passed in fetal life; they are the urachus, the 
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Fig. 289. The 9 regions of the anterolateral abdom- 
inal wall. 


right and the left umbilical arteries and the 
left umbilical vein (Fig. 320). They are situated 
in the properitoneal fat layer of the anterior 
abdominal wall and produce peritoneal folds. 
When the peritoneal aspect is studied in the 
adult, these 4 tubes are present as 4 atrophic 
fibrous cords. In the embryo, a structure called 
the vitello-intestinal duct is present; this con- 
nects the small bowel with the umbilicus. 

If this structure is not obliterated at the time 
of birth, feces will discharge at the umbilicus; 
if the urachus is not completely obliterated 
at birth, urine will be noted at the same site. 
The hypogastric arteries of the fetus become 
the obliterated hypogastric arteries of the 
adult and pass over the lower abdominal wall 
as they proceed from the internal iliac arteries 
to the umbilicus; they may remain open and 
supply superior vesical branches to the uri- 
nary bladder. 

The umbilical vein becomes the round liga- 
ment, or ligamentum teres, of the liver. The 
physiologic communication between the peri- 
toneal cavity and the umbilical cord may per- 
sist, resulting in umbilical hernias (p. 400). The 
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umbilicus may be the site for the collection 
and the discharge of bile and pus and may 
be the location of new growths such as papillo- 
mas or metastases from gastrointestinal carci- 
nomas. The well-known but infrequently seen 
caput medusae is located in this region and 
is the result of the communication between 
the portal and the systemic circulations when 
the former is impaired. 

The rectus abdominis muscle (p. 372) stands 
out on each side of the median line in the 
well-developed individual and forms a longi- 
tudinal prominence which is broader above 
than below; its lateral margin, which is slightly 
convex, is indicated by a groove on the skin 
known as the linea semilunaris. This line ex- 
tends from the pubic tubercle to the costal 
margin of the 9th costal cartilage. 


Nerves and Superficial Fascia 


Nerves. The skin of the anterior abdominal 
wall is supplied by the lower 6 thoracic and 
lst lumbar nerves (Fig. 290). The lower 6 tho- 
racic nerves give off anterior and lateral 
branches, but the lateral branch of the last 
thoracic nerve crosses the iliac crest to supply 
the skin of the buttocks. 

The first lumbar nerve becomes the ilio-hy- 
pogastric nerve, which pierces the external 
oblique aponeurosis about 1 inch above the 
superficial inguinal ring, and the ilio-inguinal 
nerve, which passes directly through the su- 
perficial inguinal ring. The level of the umbili- 
cus marks the 10th thoracic nerve. 

The superficial fascia appears as a single 
layer in the upper part of the anterior abdomi- 
nal wall, but in the lower region, especially 
between the umbilicus and the symphysis pu- 
bis, it is easily divided into 2 distinct layers: 
(1) a superficial layer of superficial fascia, 
which is a fatty stratum known as Camper’s 
fascia, and (2) a deeper membranous layer 
called Scarpa’s fascia, which is in contact with 
the deep fascia. The superficial layer contains 
small blood vessels and nerves. This fatty con- 
nective tissue gives roundness to the body, 
thus preventing unsightly angularity. The 
deep layer of superficial fascia is quite devoid 
of fat and blood vessels and descends on each 
side in front of the inguinal ligament to blend 
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Fig. 290. The superficial nerve distribution of the anterolateral abdominal wall. 


with the fascia lata of the thigh immediately 
below and nearly parallel with the ligament 
(Fig. 291). In the region of the pubic bone it 
is carried downward over the spermatic cords, 
the penis and the scrotum into the perineum, 
where it is known as Colles’ fascia. 

Tobin and Benjamin are of the opinion that 
the subcutaneous tissue is made up of only 
one layer and that the concept of an outer 
fatty and inner membranous layer is not justi- 


fied. 


Arteries, Veins and Lymphatics 


The superficial arteries accompany the cuta- 
neous nerves; those which accompany the lat- 
eral cutaneous nerves are branches of the lat- 
eral cutaneous nerves are branches of the 
posterior intercostal arteries, while those 
which travel with the anterior cutaneous 
nerves are derived from the superior and the 


inferior epigastric vessels. In addition to these, 
3 small branches of the femoral artery are 
found in the superficial fascia of the groin. 
They are the superficial external pudendal, 
the superficial epigastric and the superficial 
circumflex iliac arteries (p. 381). 

The superficial veins on each side of the 
anterior abdominal wall are divided into 2 
groups: an upper and a lower. The upper 
group returns the blood via the lateral thora- 
cic and the internal thoracic (mammary) veins 
to the superior vena cava; the lower group 
returns its blood via the femoral vein to the 
inferior vena cava. Both groups anastomose 
freely through the thoracoepigastric vein; the 
superficial veins may dilate and compensate 
for an obstruction of either the superior or 
the inferior vena cava or for an obstruction 
of the external or the common iliac veins. The 
paraumbilical veins communicate with both 
of these groups and constitute an important 
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Fig. 291. Distribution and attachments of Scarpa’s fascia. 
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Fig. 292. The superficial veins and lymphatics of the anterolateral abdominal wall. 
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connection between the portal and the sys- 
temic venous systems. 

The superficial lymph vessels are divided 
into supraumbilical and infraumbilical groups. 
The supraumbilical vessels drain into the pec- 
toral lymph glands, and the infraumbilical into 
the superficial inguinal glands (Fig. 292). 


Muscles 


In addition to the 3 lateral flat muscles of the 
anterior abdominal wall (external and internal 
obliques and transversus abdominis), there are 
the recti and the pyramidalis. The 3 lateral 
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muscles have been discussed elsewhere (p. 


381). 


Rectus Abdominis Muscle. This appears as a 
long, broad, muscular band, which stretches 
between the pubis and the thorax on each 
side of the linea alba (Fig. 293). It originates 
by tendinous fibers from the pubic crest and 
the anterior pubic ligament. As it ascends it 
widens and hecomes thinner; it inserts on the 
thorax as fleshy muscular fibers. 

This insertion takes place along the anterior 
surfaces of the 5th, the 6th and the 7th costal 
cartilages and the xiphoid process (Fig. 293 
B). The insertion which is onto the front of 
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Fig. 293. The rectus abdominis muscle. (A) The 
anterior layer of the rectus sheath has been par- 
tially removed on the left, and the lower end of 
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the cut rectus muscle is retracted upward; this ex- 
poses the posterior layer of the sheath. (B) The ori- 
gin and the insertion of the muscle. 


Anterior Abdominal Wall 


the chest can be visualized along a horizontal 
line that extends from the xiphoid process to 
the end of the 5th rib; it is approximately 3 
times as broad (3 inches) as the origin from 
the front of the symphysis. Its medial border 
is separated from that of its fellow by the linea 
alba. Below the umbilicus, where the linea 
alba is a fine line, the 2 recti are practically 
in contact with each other, but above the um- 
bilicus they are about % inch apart. 
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Fig. 294. The rectus sheath. Above the rib margin 
the anterior wall of the sheath is made up of the 
aponeurosis of the external abdominal oblique mus- 
cle; the posterior wall is absent, since the rectus 
muscle lies directly on cartilage. From the rib mar- 
gin to midway between the umbilicus and the pu- 
bis, the anterior wall of the sheath consists of the 
aponeurosis of the external oblique plus the ante- 
rior layer of the aponeurosis of the internal oblique; 





373 


The anterior surface of the muscle is crossed 
by 3 tendinous intersections: one at the costal 
margin, one at the umbilicus and one between 
these two. A 4th may be present below the 
umbilicus, but it is not constant. The muscle 
is adherent to the anterior wall of the rectus 
sheath where these intersections appear, but 
since they do not penetrate the entire muscu- 


_lar depth, the rectus is nowhere adherent pos- 


teriorly. By this arrangement a long muscle 
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the posterior wall consists of the posterior layer 
of the aponeurosis of the internal oblique, the apo- 
neurosis of the transversus abdominis muscle and 
the transversalis fascia. From midway between the 
umbilicus and the pubis to the pubis, the anterior 
wall is formed by the aponeuroses of the external 
and the internal obliques and the transversus; the 
posterior wall is formed by the transversalis fascia. 
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is divided into a number of shorter ones, thus 
increasing its strength and efficiency. 

The actions of the recti are shared with the 
abdominal obliqui and the transversus. These 
muscles act as efficient protectors of the ab- 
dominal viscera, and by their tonicity they 
maintain intra-abdominal pressure and help 
keep the viscera in place. They are also mus- 
cles of respiration, since their contraction 
causes them to press on the abdominal viscera, 
forcing them upward and thus elevating the 
diaphragm. They also play a part in defeca- 
tion, since their contraction increases intra- 
abdominal pressure and helps the rectum to 
evacuate its contents. The rectus is a flexor 
of the vertebral column, pulling the thorax 
downward toward the symphysis; in this ac- 
tion its antagonist is the sacrospinalis. The rec- 
tus receives its nerve supply from the lower 
6 intercostal nerves. 


Rectus Sheath. This may be divided into 3 
parts, each having a different construction: (1) 
above the costal margin, (2) from the rib mar- 
gin to midway between the umbilicus and the 
pubis and (3) from midway between the um- 
bilicus and the pubis to the pubis (Fig. 294). 
1. Above the Rib Margin. This part of the 
sheath is incomplete. The anterior wall is 
made up of the aponeurosis of the external 
oblique, since this is the only one of the lateral 
abdominal muscles which extends above the 
costal margin. The posterior wall is absent and 
as a result of this, the rectus muscle lies di- 
rectly on the cartilages. 

2. From the Rib Margin Down to Midway Be- 
tween the Umbilicus and the Pubis. This 
part of the sheath is complete. The internal 
oblique aponeurosis divides at the lateral bor- 
der of the rectus muscle into an anterior layer 
and a posterior layer. The anterior wall of the 
sheath consists of the aponeurosis of the exter- 
nal oblique plus the anterior layer of the apo- 
neurosis of the internal oblique. The posterior 
wall consists of the posterior layer of aponeu- 
rosis of the internal oblique, the aponeurosis 
of the transversus abdominis and the transver- 
salis fascia. The transversus, where it extends 
behind the rectus, is muscular almost to the 
midline. Where the posterior sheath ends, 
midway between the umbilicus and the pubis, 
an arched lower border, which is called the 
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linea semicircularis (Douglas), is formed (Fig. 
293 A). This line is an important dividing 
point, since cephalad to it the internal oblique 
aponeurosis splits into its 2 leaves, but below 
this point no such division takes place. The 
inferior epigastric artery enters the sheath by 
crossing this edge. 

3. From Midway Between the Umbilicus and 
the Pubis to the Pubis. The anterior wall is 
formed by the aponeuroses of the external and 
the internal obliqui and the transversus; here 
all the aponeuroses pass in front of the rectus. 
The transversus and the internal oblique are 
fused, but the external oblique does not fuse 
until it nearly reaches the midline. The poste- 
rior wall is formed by the transversalis fascia. 

The contents of the rectus sheath are: (1) 
the rectus and the pyramidalis muscles, (2) 
the superior and the inferior epigastric ves- 
sels, (3) the termination of the lower 5 inter- 
costals and the 12th thoracic nerves with their 
accompanying vessels. 

The nerves enter the sheath by piercing the 
posterior wall near the lateral margin and 
then run for a short distance between the pos- 
terior sheath and the rectus before entering 
the muscle proper. 

The superior epigastric artery enters the 
rectus sheath behind the 7th costal cartilage 
and anastomoses with the inferior epigastric 
artery, which enters in front of the arcuate 
line. In this way the vessels of the upper and 
the lower limbs are brought into communica- 
tion. Their branches are cutaneous, muscular 
and anastomotic. 


Pyramidalis Muscle. This triangular muscle 
lies in front of the rectus; it is frequently ab- 
sent. It arises from the front of the pubis and 
is inserted into the lower part of the linea 
alba between the rectus and the anterior wall 
of its sheath. It is supplied by the last thoracic 
nerve and acts as a tensor of the linea alba. 


Surgical Considerations 


Abdominal Incisions 


Numerous abdominal incisions have been de- 
scribed, but only those which are commonly 
used will be discussed. They may conveniently 
be divided in the following way (Fig. 295). 
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Fig. 295. Abdominal incisions. The incisions most commonly used are the rectus, the oblique, the vertical 
and the transverse. Examples of each are depicted in the illustration. 


l. Rectus 

A. Paramedian 

B. Pararectus 

C. Transrectus (muscle-splitting) 
2. Oblique 

A. McBurney 

B. Kocher’s subcostal 

C. Iliac 
3. Vertical: Midline 

A. Above the umbilicus 

B. Below the umbilicus 
4. Transverse 

A. Epigastric 

A. Epigastric 

B. Pfannenstiel 


Rectus Incisions. Incisions through the rectus 
sheath and muscle may be used either above 
or below the umbilicus. 

The paramedian incision is made about 1 
inch to the right or the left of the midline 
(Fig. 296). The skin and the fascia are divided 
to the rectus sheath; the opening of the sheath 
exposes the rectus muscle. The medial border 


of the rectus is retracted laterally, exposing 
the posterior rectus sheath and the perito- 
neum; these are divided in the same line as 
the skin. The wound is sutured in 3 layers: 
(1) the peritoneum and the posterior rectus 
sheath, (2) the anterior rectus sheath and (3) 
the skin. The muscle returns of its own accord 
(trap-door action) over the posterior suture 
line. Injury to vessels and nerves is minimal, 
and the exposure of pelvic structures is excel- 
lent. 

The pararectus incision is similar to the 
paramedian, except that the approach to the 
abdominal cavity is along the lateral border 
instead of the medial border of the rectus mus- 
cle (Fig. 297). This incision has the disadvan- 
tage of encroaching on the nerves which enter 
and supply the rectus muscle laterally. The 
closure is accomplished in 3 layers, as de- 
scribed above. If the incision must be enlarged 
downward toward the pubis, the deep epigas- 
tric vessels may be encountered. Should this 
be the case, the artery and its 2 accompanying 
veins can be ligated and divided. 
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Fig. 296. The paramedian incision. This incision 
may be made in the upper or the lower abdomen 
and either on the right or the left side. (A) The 
incision is shown in longitudinal section, with the 


A transrectus (muscle-splitting) incision is 
performed in the same manner as the other 
2 rectus incisions but differs in that the muscle 
is divided longitudinally through its medial 
third. The medial third is chosen in order to 
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medial border of the right rectus muscle retracted 
laterally. (B) Cross section shows the repair on the 
left side. 


minimize injury to the nerve fibers. The mus- 
cle is divided in the line of its fibers, the tendi- 
nous inscriptions are clamped and ligated, and 
the posterior sheath and the peritoneum are 
incised. The incision is closed in layers. 
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Fig. 297. The pararectus incision. (A) The 11th and 
the 12th intercostal nerves are shown passing along 
the retracted lateral border of the rectus muscle. 


Oblique Incisions. These have been utilized, 
especially in surgery on the appendix and the 


gallbladder. 
The McBurney incision (Fig. 298) is an ob- 
lique muscle-splitting incision which passes 


\Transversalis fascia 
and peritoneum 


(B) Cross section shows the lateral border of the 
rectus muscle retracted medially. 


through the lateral abdominal musculature 
and is supposed to minimize post-operative 
weakness of the abdominal wall by incising 
the individual muscles in the direction of their 
fibers. The level and the length of this incision 
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Fig. 298. The McBurney incision. (A) The skin inci- cle is incised in the line of its fibers. (B) The internal 
sion is placed at the junction of the outer and mid- oblique and the transversus abdominis muscles are 
dle thirds of a trisected line extending from the _ incised. (C) The peritoneum is incised, and the ce- 
umbilicus to the anterior superior iliac spine; the cum is exposed. 

aponeurosis of the external abdominal oblique mus- 


Surgical Considerations 


will vary according to the position of the ap- 
pendix and the size of the patient. In a general 
way, however, it may be stated that it is made 
at the junction of the middle and the outer 
thirds and at right angles to an imaginary line 
joining the anterior superior iliac spine with 
the umbilicus. One third of the incision is 
placed above this line, and two thirds below 
it; the incision is usually about 3 inches long. 
The skin is incised in the direction of the fibers 
of the external abdominal oblique; this inci- 
sion is carried through the superficial fascia 
until the fibers of the external oblique aponeu- 
rosis are seen. The latter is divided and sepa- 
rated from the underlying internal oblique; 
a distinct cleavage plane exists between these 
2 muscles. The freed edges of the external 
oblique aponeurosis are retracted, and the 
horizontal fibers of the internal oblique mus- 
cle are exposed. The transversus abdominis 
muscle and the internal oblique have fibers 
which run in almost the same direction in this 
area; the cleavage between these 2 muscles 
is not too distinct. As soon as the transversalis 
fascia is exposed it is incised in the direction 
of the internal oblique opening. This exposes 
the preperitoneal fat and the peritoneum; 
these are incised. Various methods of enlarg- 
ing the incision have been described, but since 
these do not adhere to the McBurney or grid- 
iron principle, and since they encroach on the 
weak semilunar lines, such descriptions have 
been avoided intentionally. Usually this inci- 
sion is closed in 3 layers: the lst including 
the peritoneum and transversalis fascia; the 
2nd, the aponeurosis of the external oblique, 
and the 3rd closes the skin. Some surgeons 
prefer to put a few approximating sutures in 
the internal oblique and the transversus mus- 
cles. 

The Kocher’s subcostal incision is used for 
operations on the biliary tract, but a similar 
incision may be placed on the left side for 
operations on the spleen or the cardiac end 
of the stomach. The incision is made parallel 
with and about 1 inch from the costal margin; 
it commences at the base of the xiphoid and 
is carried into the flank as far as is deemed 
necessary. The rectus muscle and the external 
abdominal oblique are divided. The posterior 
rectus sheath and the internal oblique are ex- 
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posed and are divided in the line of the inci- 
sion; the peritoneal cavity is entered. The inci- 
sion is closed in layers. 

The iliac incision is utilized in exposure of 

the ureter or the larger pelvic vessels. It is 
made parallel with and directly in front of 
the anterior portion of the iliac crest; it aims 
to reach the extraperitoneal structures below 
the brim of the pelvis. It is carried directly 
through the musculature and the transversalis 
fascia. The peritoneum is not opened but is 
mobilized and retracted medially. The neces- 
sary procedures are carried out extra-perito- 
neally. 
Vertical Incisions. The midline incision 
above the umbilicus is made directly in the 
linea alba, which can be located easily by the 
depression or pigmentation present. It begins 
just below the xiphoid cartilage, extends to 
the umbilicus and is usually 4 to 5 inches long. 
The skin and the superficial fascia are incised 
to the aponeurosis. The advantages of this inci- 
sion are that it is almost bloodless, no muscle 
fibers are encountered, no nerves are injured, 
and it gives access to both sides of the abdo- 
men. However, it has a disadvantage in that 
only one layer is available for repair because 
of the fusion of the aponeuroses in the midline; 
therefore, it cannot be relied upon and may 
result in weakness and herniation. 

The midline incision below the umbilicus 
is employed almost routinely in gynecologic 
operations. Since the recti below the umbili- 
cus are so close together, and because the 
linea alba is only a fine line, the right or the 
left rectus sheath is entered routinely, and the 
muscle is retracted laterally. Because of this, 
it is not exactly in the midline, and the repair 
is made in layers. Such a repair will result 
in a strong abdominal wall and does not have 
the disadvantage of weakness that a midline 
incision above the umbilicus would have. 


Transverse Incisions. These abdominal inci- 
sions give excellent exposure but entail more 
time in execution and repair. They result in 
nicer-looking scars and produce less injury to 
the nerves and the blood vessels, since they 
run parallel with them. 

The transverse epigastic incision extends 
from the lateral edge of one rectus to the lat- 
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eral edge of the other. The underlying ante- 
rior rectus sheath, the rectus muscles, the pos- 
terior rectus sheath and the peritoneum are 
divided transversely on each side. If further 
exposure is required, the incision may be ex- 
tended laterally beyond the lateral edge of 
the recti by splitting the oblique muscles. The 
individual layers of the abdominal wall are 
sutured separately, but it is to be recalled that 
only one fused layer is found in the region 
of the linea alba. This same incision has been 
modified by Sanders, who utilizes lateral re- 
traction of the recti rather than division of 
these muscles. 

The Pfannenstiel incision is a suprapubic 
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Fig. 299. The Pfannenstiel incision. (A) The skin 
and the anterior layer of the rectus sheath have 
been divided transversely. (B) The recti are drawn 
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transverse incision which is placed at or in 
the upper pubic hair line and in this way be- 
comes concealed (Fig. 299). The skin, the sub- 
cutaneous tissue and the right and the left 
anterior rectus sheaths are divided trans- 
versely. The cut edges of the sheaths are dis- 
sected upward and downward for a short dis- 
tance; this exposes the recti and the pyrami- 
dalis when the latter is present. The exposed 
recti are freed from the underlying transver- 
salis fascia and then are retracted laterally. 
The transversalis fascia, the properitoneal fat 
and the peritoneum are incised longitudinally. 
In closing the wound, the layers are sutured 
separately in the line of their division. 
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laterally; and the transversalis fascia, the extraperi- 
toneal fat and the peritoneum (the only structure 
labeled) are incised vertically. 


Surgical Considerations 


Incisional Hernias 


Cattell has described a method which results 
in a5-layer repair in which the various compo- 
nents of the abdominal wall are not separated 
at the hernial ring. It has the advantage that 
no dissection is carried out at a point where 
it is most difficult to identify the layers, and 
its repair results in great strength at the point 
of greatest potential weakness (Fig. 300). 

The old scar is excised by an elliptical inci- 
sion, and the sac which usually lies immedi- 
ately subcutaneous is identified; this is freed 
down to the hernial ring. The fascia is exposed. 
The sac is opened, and the contents are freed 
carefully and reduced; frequently, resection 
of the omentum is necessary. The first suture 
line includes the hernial ring and the inner 
side of the peritoneum. By everting the peri- 
toneum, a smooth peritoneal surface remains 
in the peritoneal cavity. The redundant part 
of the sac is resected, but about 1 inch is left; 
this constitutes the second layer of repair. 
Then an elliptical incision is placed through 
the rectus sheath fascia; this extends to the 
muscle. These fascial flaps are dissected free 
on either side, and a third layer of sutures is 
placed; the sutures approximate the inner side 
of the 2 edges of cut fascia, thereby covering 
the peritoneal suture line. Suture line Number 
4 approximates the muscles, and Number 5 
the lateral edges of the incised fascial flaps. 
Then the skin is approximated. 


Inguinal Region 


The 9 Abdominal Layers. This region has 
been called the inguinoabdominal region and 
the inguinal trigone, the trigone being 
bounded by the inguinal ligament, the lateral 
margin of the rectus muscle and a horizontal 
line drawn from the anterior superior iliac 
spine to the rectus margin. Nine abdominal 
layers make up this region; these layers appear 
and are discussed in the following order (Fig. 
301): 

l. Skin 

2. Superficial fascia (Camper’s layer) 

3. Superficial fascia (Scarpa’s layer) 

4. External oblique muscle 
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5. Internal oblique muscle 

6. Transversus abdominis muscle 
7. Transversalis fascia 

8. Properitoneal fat 

9. Peritoneum 

The skin of this region is smooth and mova- 
ble and presents 3 particular landmarks for 
surface anatomy. They are: the anterior supe- 
rior iliac spine, which is readily palpable; the 
pubic tubercle, which is less easily palpated, 
especially in the obese; and the umbilicus. 

The superficial fascia is divided into 2 lay- 
ers: a superficial layer of superficial fascia and 
a deep layer of superficial fascia. The superf- 
cial layer is known as Camper’s fascia, and 
the deep layer as Scarpa’s fascia. They usually 
are separable below the umbilicus but are 
fused above this point (Fig. 301). 

Camper’s fascia is the fatty layer which is 
continuous with the adipose tissue covering 
the body generally. It is also called the pan- 
niculus adiposus, its thickness depending on 
the amount of fat present; the cutaneous ves- 
sels and nerves run in this layer (Fig. 302). 
The arteries found here are derived from the 
femoral artery and ascend from the thigh. 
They are: the superficial epigastric, which bi- 
sects the inguinal ligament and runs toward 
the navel; the superficial external pudendal, 
which runs medially across the spermatic cord 
and supplies the scrotum; the superficial cir- 
cumflex iliac artery, which passes laterally be- 
low the inguinal ligament. 

Scarpa’s fascia is the membranous layer of 
superficial fascia; it contains no fat. The attach- 
ments of this fascia are clinically important 
because it is under this layer that extravasa- 
tions of urine and blood take place. Scarpa’s 
fascia passes over the inguinal ligament and 
attaches to the deep fascia of the thigh (fascia 
lata). This attachment takes place about a fin- 
ger’s breadth below and parallel with the in- 
guinal ligament (Fig. 291). Medially, it at- 
taches along a line that passes with, but lateral 
to, the spermatic cord; this line extends from 
the pubic tubercle to the pubic arch. The fixa- 
tion occurs lateral to the pubic tubercle. 
Urine, blood or an exploring finger cannot ex- 
tend beyond this attachment. Medial to the 
tubercle, Scarpa’s fascia does not attach but 
continues over the penis and the scrotum; it 
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Fig. 300. Repair of incisional hernia. This method 
results in a 5-layer repair (Cattell). (A) Excision of 
old scar by means of an elliptical incision, (B) Identi- 
fication and freeing of sac. (C) The sac has been 
opened, and the first suture line placed, which in- 
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cludes the hernial ring and the inner surface of 
peritoneum. All but an inch of redundant sac is 
removed; this constitutes suture layer Number 2. 
(D) and (E) show the utilization of the rectus sheath 
and muscle in layers 3, 4 and 5. 


Surgical Considerations 
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Fig. 301. The 9 layers that make up the anterolateral abdominal wall. 


continues as Colles’ fascia, which covers the 
superficial compartment of the perineum. 
The external abdominal oblique muscle 
arises from the lower 8 ribs (5 to 12); its fibers 
are directed downward, forward and medial 
(Fig. 303). It interdigitates with the serratus 
anterior above; a continuous sheet of fascia 
covers both muscles. The most posterior fibers 
run vertically downward and insert into the 
anterior half of the iliac crest. Between the 
last ribs and the iliac crest a free border forms 
the lateral boundary of the lumbar (Petit’s) 


triangle (Fig. 321). The muscle fibers become 
tendinous below the line joining the anterior 
superior iliac spine to the umbilicus. From the 
anterior superior iliac spine to the pubic spine 
the aponeurosis forms a free border which is 
called the inguinal (Poupart’s) ligament, under 
which vessels, nerves and muscles pass from 
the abdomen to the thigh. 

The external oblique aponeurosis forms the 
inguinal, the lacunar, Cooper’s and the re- 
flected inguinal ligaments (Figs. 304 and 305). 

The inguinal ligament (Poupart’s) is a ten- 
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Fig. 302. The inguinoabdominal region. On the 
right side the superficial vessels and nerves are 
shown; on the left, the deeper structures (muscula- 


dinous part of the external oblique aponeuro- 
sis which extends from the anterior superior 
iliac spine to the pubic tubercle. The muscles 
which lie below it are the iliac, the psoas major 
and the pectineus. The ligament folds back 
on itself, forming a groove; the lateral half 
of this is not seen because it is obscured by 
the origin of the internal oblique and the 
transversus muscles. However, the medial half 
forms the gutterlike floor of the inguinal canal. 

The lacunar ligament (Gimbernat’s) is that 
part of the inguinal ligament which is re- 
flected downward, backward and lateral. It 
attaches to the pectineal line, and its free cres- 
centic margin forms the medial boundary of 
the femoral ring. It is the pectineal part of 
the inguinal ligament. 

Cooper’s ligament is the lateral continua- 
tion of the lacunar ligament. It extends from 
the base of the lacunar ligament laterally 
along the pectineal line to which it is attached. 
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ture) are depicted in their relations to the inguinal 
canal. 


The reflected inguinal ligament (triangular 
ligament) consists of reflected fibers which 
take their origin from the inferior crus of the 
superficial inguinal ring and the lacunar liga- 
ment (Fig. 304 B). They pass medially behind 
the spermatic cord and continue medially be- 
tween the superior crus of the superficial in- 
guinal ring and the conjoined tendon; they 
insert into the linea alba. Because of its trian- 
gular shape, this ligament has been called the 
triangular fascia. Arson and McVay found it 
unilaterally in only 3 percent of bodies and 
bilaterally in less than 1 percent. 

The superficial inguinal “ring” (subcutane- 
ous inguinal “ring,” external abdominal 
“ring’’) (Fig. 306) has had the term “ring” ap- 
plied to it, but this is unfortunate. In reality, 
it is a triangular thinned-out part of the apo- 
neurosis of the external oblique muscle 
through which the spermatic cord in the male 
and the round ligament in the female pass. 


Surgical Considerations 
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Fig. 303. The external abdominal oblique muscle. 


The apex of the triangle lies lateral to the pu- 
bic tubercle; its base, formed by the lateral 
half of the pubic crest, lies medial to the tuber- 
cle. The 2 sides are called the crura. The infe- 
rior crus (external pillar) is the medial end 
of the inguinal ligament; it attaches to the pu- 
bic tubercle. The superior crus (internal pillar) 
is that part of the aponeurosis which attaches 
to the pubic crest and the symphysis. The 
“ring” is not an open defect, since it is covered 
by the intercrural (intercolumnar) fibers 
which pass from one crus to the other. As the 
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testicle made its descent, it encountered these 
intercrural fibers at the external “ring.” The 
fibers were pushed ahead by the descending 
testicle and formed a covering for the cord 
which is known as the external spermatic fas- 
cia. 

The internal abdominal oblique muscle 
(Fig. 307) lies between the external oblique 
and the transversus abdominis muscles. This 
fan-shaped muscle has a narrow origin and a 
broad insertion. It originates from the outer 
half of the inguinal ligament, from the inter- 
mediate line on the iliac crest and from the 
posterior lamella of the lumbodorsal fascia 
through which it gains attachment to the lum- 
bar spines. Because of this last fact, the muscle 
has no free posterior border. 

The uppermost fibers run almost vertically 
upward and are inserted into the lower 4 ribs 
and their cartilages. The intermediate fibers 
form an aponeurosis which divides above the 
semicircular line (of Douglas) into 2 lamellae 
at the lateral border of the rectus muscle (Fig. 
293). The anterior lamella accompanies the 
external oblique aponeurosis to form the ante- 
rior rectus sheath, and the posterior lamella 
accompanies the aponeurosis of the transver- 
sus abdominis to form the posterior rectus 
sheath. Below the semicircular line the com- 
bined aponeuroses of all 3 lateral abdominal 
muscles fuse and pass in front of the rectus 
muscle as the anterior rectus sheath. 

Those fibers which originate from the ingui- 
nal ligament arch above the spermatic cord 
in the male and the round ligament in the 
female and become tendinous. They insert 
conjointly with those of the transversus ab- 
dominis into the crest of the pubis. It is this 
fusion of the tendinous portions of the internal 
oblique and transversus muscles that results 
in the structure known as the conjoined ten- 
don (inguinal aponeurotic falx). However, in 
recent publications, Zieman, Zimmerman, 
Anson, McVay and Blake have emphasized 
the numerous structural variations present in 
this region. In 20 cadavers, Zieman could find 
only 2 in which the conjoined tendon ap- 
peared as a definite structure. The author also 
has been impressed with the rarity with which 
the conjoined tendon can be demonstrated 
at the operating table. 


386 





ro ee 


T 
~~" T e 
. ma 
T ep 5 
- 
. 


Poupart?s 1 
(inguinal) e A 


Lig. of Cooper 
Lacunar Se y 


Pubic SG 
tubercle. APN 





“a Pp 
"i. 
k 


Reflected -~ 


ingui nal Ig. 


Inf: Crus of superf” 


inguinal Ping 


Spermatic cord 


Fig. 304. The ligaments in the inguinal region: (A) 
Poupart’s ligament and its relations to Cooper’s 
ligament and the lacunar ligaments; (B) the re- 


If one wishes to delve into the literature 
of this structure one will find many conflicting 
descriptions and opinions. Thus it seems that 
the terms “conjoined tendon” and “falx ingui- 
nalis” have lost greatly the value they once 
had as descriptive terms. Many who have stud- 
ied this particular structure and region feel 
that the terms should be abandoned. In place 
of this the transversalis fascia is considered 
to be a more important structure. It is interest- 
ing to ask various surgeons to demonstrate the 
so-called “conjoined tendon.” Invariably, they 
have great trouble in identifying a true tendon 
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flected inguinal ligament. The aponeurosis of the 
external oblique has been reflected laterally. 


and almost always point to a part of the rectus 
fascia in the region of the symphysis pubis. 
It should be emphasized that, although the 
fibers of the internal oblique arch over the 
spermatic cord, they insert behind it. 

The transversus abdominis (transversalis) 
muscle (Fig. 308) is the deepest of the 3 lateral 
abdominal muscles. Only a little areolar tissue 
exists between it and the internal oblique 
muscle. It arises from the outer third of the 
inguinal ligament, from the inner lip of the 
iliac crest, from the middle layer of the lumbo- 
dorsal fascia and from the inner surface of the 


Surgical Considerations 











387 
Interfoveolar . 
< lig. (HesSelbach's) 
Linea Fa 
semi- 
"ireu 4 
Rectus kil 
abdorn.m d ii 
Inf epidcas- 7 ~~ Trans 
tric © oy D J abdom. m. 
Hesselbach’'s | B *-lliopsoas m. 
triangle f ry 
Thin t ie oe Femoral n. 
a or a, | Testicular aév 
tog n S 
Con ined =. “Ductus deferens 
“A” ë Extiliacaev 
NAE Cooper's lid. 


AN] Femoral ring 
| Lacunar lig. 


Fig. 305. Posterior view of the inguinoabdominal and the inguinofemoral regions. The peritoneum 
and the transversalis fascia have been removed. 
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Fig. 306. The superficial inguinal “ring.” The external oblique aponeurosis has been severed and re- 
tracted, but the “ring” remains intact. 
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lower 6 costal cartilages where it interdigi- 
tates with the fleshy slips of the diaphragm. 
It is inserted into the linea alba and through 
the conjoined tendon into the pubic crest. Its 
aponeurosis passes behind the rectus muscle 
to the level of the linea semicircularis, but 
from this level downward it passes in front 
of that muscle. Most of the fibers pass in a 
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Fig. 307. The internal abdominal oblique muscle. 
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Fig. 308. The transversus abdominis muscle. 


Surgical Considerations 


the lateral half of the inguinal ligament and 
the transversus abdominis originates from the 
lateral third of the ligament, the testicle in 
its descent misses the transversus fibers but 
comes in contact with the internal oblique fi- 
bers, dragging some of the latter downward. 
These form muscle loops along the spermatic 
cord which are known as the cremaster mus- 
cle. The action of this muscle is to draw the 
testicles upward. 

The nerves in this region are found in the 
interval between the internal oblique and the 
transversus abdominis muscles and then enter 
the rectus sheath (Fig. 293). The 7th and 8th 
thoracic nerves pierce the posterior lamella 
of the internal oblique aponeurosis at the cos- 
tal margin and then pass upward and medi- 
ally. The 9th nerve passes medially and 
slightly downward. The 10th, the llth and 
the 12th nerves take a more downward course 
as they travel medially. The last 4 nerves 
pierce the posterior layer of the internal ob- 
lique aponeurosis at the lateral edge of the 
rectus sheath, continue medially behind the 
rectus muscle and then pierce its substance. 
All these nerves supply the 3 lateral muscles 
as well as the rectus abdominis. They finally 
pass through the anterior rectus sheath and 
end by supplying the overlying skin. 

The 3 flat abdominal muscles form an elastic 
muscular corset which helps to maintain intra- 
abdominal pressure; this is of importance in 
retaining the viscera in place. By contracting 
simultaneously with the diaphragm they aid 
in urination, defecation, vomiting and parturi- 
tion. By contracting alternately with the dia- 
phragm (as an antagonist) they aid in exhala- 
tion. In the inguinal region these muscles form 
an arcade traversed by the spermatic cord. 
Grant has used the phrase “inguinal arcade” 
to describe this. When the inguinal portions 
of the internal oblique and transversus mus- 
cles contract, their arched fleshy fibers be- 
come straighter; this results in the lowering 
of the roof of the arcade and the constriction 
of the passage. The contraction of the external 
oblique approximates the anterior wall to the 
posterior wall, and a sphincterlike action re- 
sults (Fig. 309). 

The transversalis fascia, also called the 
endo-abdominal fascia, is a connective tissue 
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Fig. 309. The inguinal arcade. Grant has used this 
phrase to describe the muscular arcade traversed 
by the spermatic cord. Note the lowering of the 
roof of this arcade when the transversus abdominis 
and the internal oblique muscles contract. 


layer which covers the entire internal surface 
of the abdomen. This fascia covers certain 
muscles and in each case assumes the name 
of the muscle which it accompanies, such as 
the diaphragmatic fascia, the iliac fascia, etc. 
Its thickness is variable, but that part which 
is below the inferior margins of the internal 
oblique and transversus abdominis muscles 
usually is well developed. It is in this unpro- 
tected area that it forms the floor of Hessel- 
bach’s triangle and, when torn or weakened, 
predisposes to the development of a direct 
inguinal hernia. The fascia lies between the 
transversus abdominis muscle and the pro- 
peritoneal fat layer. In certain areas, espe- 
cially in those people where the fat layer is 
wanting, a fusion may result between the trans- 
versalis fascia and the peritoneum. In a situa- 
tion such as this the two layers cannot be sepa- 
rated, and the peritoneal cavity must be en- 
tered as if through one layer. This fascia is 
applied to the posterior surface of the rectus 
sheath, and where the latter terminates at the 
semicircular line, it lies in direct contact with 
the posterior surface of the rectus muscle. In- 
feriorly, it is attached to the outer half of the 
inguinal ligament and to the iliac crest, where 
it becomes continuous with the iliac fascia. 
Over the inner half of the inguinal ligament 
it covers the femoral vessels upon which it 
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Fig. 310. The descent of the testicle. (A) Early de- 
velopment starts in the lumbar region. (B) The tes- 
ticle at a later stage of development is still in the 
lumbar region. It lies between the transversalis fas- 


passes, behind the ligament and downward 
into the thigh, forming part of the anterior 
wall of the femoral sheath. Medial to the femo- 
ral vessels it is attached to the pectineal line 
and the pubic crest. 

Anson and Daseler have suggested that the 
abdominal fasciae in the adult be divided into 
three layers: an internal layer for the gastroin- 
testinal tract with its vessels and nerves; an 
intermediate layer for the urogenital syster, 
the adrenals and their associated vessels and 
nerves, together with the aorta and the vena 
cava; and an external layer for the parietal 
musculature (body wall) with its nerves and 
vessels. The last-mentioned outer stratum is 
what the majority of modern textbooks refer 
to as the transversalis fascia. Tobin verified 
this work and states that these strata are clini- 
cally important as surgical guides and as barri- 
ers to or pathways for the spread of infection 
or extravasations of blood or urine. 


Descent of the Testicle. The factors responsi- 
ble for this descent are not understood. In 
the early months of intrauterine life the scro- 
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cia and the peritoneum. The vaginal process has 
formed. (C) At the end of the 3rd month of intraute- 
rine life, the testicle reaches the pelvic brim. 


tum is undeveloped, and the testis is located 
in the abdomen (lumbar region) (Figs. 310 and 
311). The testicle develops between the trans- 
versalis fascia and the peritoneum in the stra- 
tum of the properitoneal fat. In the 3rd month 
of intrauterine life it descends from the loin 
to the iliac fossa and from the 4th to the 7th 
months it rests at the site of the internal (ab- 
dominal) inguinal ring. During the 7th month 
it passes through the inguinal canal into the 
scrotum, preceded by a peritoneal diverticu- 
lum called the processus vaginalis; its vessels, 
nerves and duct are dragged after it. 

The gubernaculum testis is a triangular 
structure, the base of which is attached to the 
testis (epididymis), and the apex to the bottom 
of the scrotum. Some authors have suggested 
the theory that the testicle passes through the 
inguinal canal as a result of its being pulled 
into the scrotum by the contraction (or atro- 
phy) of the musculature of the gubernaculum. 
Others are of the opinion that this is fallacious. 
Wells believes the gubernaculum to be associ- 
ated with an “inguinal bursa,” thereby guid- 
ing the testis in its descent. 
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Fig. 311. Schematic drawing of the descent of the 
testicle. The relations between the abdominal wall, 
the inguinal canal, the spermatic cord and the scro- 
tum have been stressed. As the testicle descends, 
it encounters certain layers of the anterior abdomi- 
nal wall which it pushes ahead of it. This results 


The remnants of the gubernaculum become 
the scrotal ligament; this is a short band which. 
connects the inferior pole of the testicle to 


the bottom of the scrotum. Prior to the de- 


scent of the testicle, the vaginal process of 
peritoneum extends into the scrotum. This ap- 
plies itself to the cord and the testicle; it forms 
an incomplete covering, but at no point does 
the processus vaginalis completely surround 
them. 

That part of the vaginal process which is 
applied to the testicle is the tunica vaginalis 
testis (vaginal portion); it remains patent. That 
part of the vaginal process which is applied 
to the spermatic cord, between the tunica 
vaginalis testis and the abdominal (deep) in- 
guinal ring, becomes the funicular process; 
it loses its patency and becomes a fibrous cord 
known as the vaginal ligament (p. 393). 

As the testicle descends, it contacts the 
transversalis fascia; it does not force a hole 
through it, but instead pushes or evaginates 
this fascia. In this way it acquires a tubular 
covering called the internal spermatic fascia 
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in certain coverings of the spermatic cord and lay- 
ers of the scrotum. The numbers indicating the 
layers in the scrotum and the coverings of the cord 
correspond to the same numbers which identify 
the layers of the anterior abdominal wall. 


(infundibuliform fascia). Therefore, the in- 
ternal spermatic fascia is that evaginated por- 
tion of the transversalis fascia which supplies 
a covering for the spermatic cord. At that 
point where the testicle meets the transver- 
salis fascia and pushes it forward, the internal 
inguinal ring is formed. Hence, the internal 
ring is a thinned-out part of the transversalis 
fascia. 

As the descent of the testicle continues, it 
passes below the curved border of the internal 
oblique muscle. It does not come in contact 
with the transversus abdominis muscle, since 
this structure lies on a higher level and there- 
fore offers no resistance to the descent of the 
gland. As the testicle touches the lower border 
of the internal oblique muscle it drags some 
of its lowermost muscle fibers with it, thus 
forming a series of loops; in this way a second 
covering of the cord, the cremaster muscle, 
is acquired. 

The next layer that the gland comes in con- 
tact with is the aponeurosis of the external 
abdominal oblique muscle; it arrives at this 
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point at the 8th month. It evaginates this apo- 
neurosis and acquires another covering of the 
spermatic cord called the external spermatic 
fascia. Thus the testis and the cord have ac- 
quired 3 coverings: (1) the internal spermatic 
fascia from the transversalis fascia, (2) the cre- 
master muscle from the internal oblique and 
(3) the external spermatic fascia from the apo- 
neurosis of the external abdominal oblique 
aponeurosis. The so-called “rings” are not true 
rings or defects. The internal “ring” is a 
thinned-out portion of transversalis fascia, and 
the external “ring” is a thinned-out portion 
of the aponeurosis of the external abdominal 
oblique aponeurosis. The testicle pushes Scar- 
pa’s fascia ahead of it; it becomes the Colles’ 
fascia of the perineum. Camper’s fascia (pan- 
niculus adiposus) is a fatty layer and, since 
there is no fat in the scrotum, it is replaced 
by the dartos muscle. At the 9th month the 
testicle reaches the scrotum. 


The Inguinal Canal. The fully developed in- 
guinal canal (Fig. 312) is not a canal in the 
true sense of the word but is a cleft which 
takes an oblique course through the inguino- 
abdominal region. In the adult its length is 
about 4 to 5 cm. 
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The entrance to the canal is through the 
abdominal (deep) inguinal ring, which is lo- 
cated a little above the center of the inguinal 
ligament. The exit is through the subcutane- 
ous (superficial) inguinal ring (p. 384). 

The interior wall of the canal is formed by 
the aponeurosis of the external abdominal ob- 
lique in its entire length, and the fleshy fibers 
of the internal oblique in the lateral half. The 
posterior wall is formed by the transversalis 
fascia in the entire length of the canal, and 
the conjoined tendon in the medial half; the 
latter structure lies in front of the transversalis 
fascia and behind the cord. 

The roof is formed by the arched lower bor- 
der of the internal oblique and to a lesser de- 
gree by the transversus abdominis. The floor 
is represented by a groove which is formed 
by a fusion of the upper grooved surface of 
the inguinal ligament, the lacunar ligament 
and the transversalis fascia. The cord rests on 
this groove. 


Types of Indirect Inguinal hernias (Fig. 
313). Soon after birth, the processus vagi- 
nalis, a peritoneal diverticulum, becomes oc- 
cluded at 2 points. First, at the internal ab- 
dominal ring and, second, directly above the 
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Fig. 312. The formation of the external spermatic fascia, cremaster muscle and the internal spermatic 


fascia. 
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Fig. 313. Types of indirect inguinal hernias. 


testis. That part of the vaginal process which 
is situated between these 2 points, the funicu- 
lar process, becomes obliterated. 

If the vaginal process remains patent 
throughout its entire course and the opening 
above is wide enough, bowel or omentum may 
enter this process and pass into the scrotum. 
This condition is known as a vaginal (congeni- 
tal) indirect inguinal hernia. When only the 
proximal or funicular portion of the vaginal 
process remains open, a funicular indirect 
hernia results. 

An encysted hernia is the same as a vaginal 
type plus a process of peritoneum which lies 
in front of the sac and extends up to the exter- 
nal ring. This is due to the catching of a diver- 
ticulum of the processus vaginalis at the exter- 
nal ring during development. 

In the infantile type, the conditions are ex- 
actly the same as are found in the funicular 


type, plus a process of peritoneum which is 
found in front of the hernia as high as the 
external ring. Therefore, at operation a perito- 
neal sac is found in front of the hernial sac; 
this may be very confusing unless they are 
identified properly. 

The interstitial types of hernias are due to 
a diverticulum of the processus vaginalis 
which becomes caught between the layers of 
the developing abdominal wall (Fig. 314). 
These types of hernias are rare and usually 
are found associated with imperfectly de- 
scended testicles. The sac may be: 
l. Proparietal (extraparietal), between the su- 
perficial fascia and the external oblique mus- 
cle. 
2. Interparietal (intramuscular), between the 
internal and the external oblique muscles. 
3. Retroparietal (intraparietal) between the 
transversalis fascia and the peritoneum. 
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Fig. 314. The interstitial types of hernias. In these hernias, a part of the processus vaginalis is found 
between the layers of the anterior abdominal wall. The 3 types are presented. 





Fig. 315. Types of hydroceles. 


Surgical Considerations 


Types of Hydroceles (Fig. 315). In the true 
hydrocele there is a collection of fluid in some 
part of the processus vaginalis; the types may 
be vaginal, congenital, infantile and hydro- 
celes of the cord. 

The vaginal type presents a collection of 
fluid, not due to any fault of development, 
in the tunica vaginalis. Since it is acquired, 
it becomes important to determine whether 
it is the so-called common “idiopathic” variety 
or secondary to some disease of the testis or 
the epididymis, such as a malignancy or tuber- 
culosis. 

The congenital type is also known as an 
intermittent hydrocele; it is due to a tiny com- 
munication between the processus vaginalis 
and the peritoneal cavity which permits the 
escape of fluid. It may be confused with a con- 
genital hernia. 

In the infantile type, the processus vagi- 
nalis is occluded only at the internal abdomi- 
nal ring. 

In hydrocele of the cord, the funicular pro- 
cess fails to shrink to a fibrous cord so that a 
tubular cavity results. This is shut off from the 
peritoneum above and the tunica vaginalis be- 
low. As it becomes distended with fluid it 
forms one or more swellings which are sepa- 
rated from the testicle. 


Surgical Considerations 


Inguinal Hernias, Indirect and Direct 


Indirect Hernias. Many methods exist for the 
repair of an indirect inguinal hernia. An ex- 
haustive and exhausting literature is accessible 
to any one interested in special studies of this 
problem. However, in considering hernior- 
rhaphies, certain points should be stressed, 
such as the modern concept of the conjoined 
tendon (doubting the existence of such a struc- 
ture), the importance of the transversalis fas- 
cia, and the management of the sac. A method 
which emphasizes these points will be de- 
scribed (Fig. 316). 

The incision is made from a point which 
joins the middle and the outer thirds of a line 
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between the anterior superior iliac spine and 
the umbilicus to a point which marks the pu- 
bic tubercle. It is difficult actually to feel this 
tubercle, since the spermatic cord passes over 
it; hence, the pubic bulge which is produced 
by the spermatic cord is the landmark used. 
The incision is deepened through Camper’s 
and Scarpa’s fascia until the aponeurosis of 
the external abdominal oblique is exposed. 
The external inguinal ring is identified, and 
the continuation of the external abdominal ob- 
lique over this ring, namely, the external sper- 
matic fascia, is incised. Then the external ob- 
lique aponeurosis is incised, and its edges are 
held apart and dissected free from the under- 
lying internal oblique muscle. 

The iliohypogastric and the ilioinguinal 
nerves usually can be demonstrated at this 
point. The lower border of the internal ob- 
lique becomes visible, and its continuation, 
the cremaster muscle loops, should be ele- 
vated. These are severed, and the internal 
oblique is freed from the underlying transver- 
salis fascia. The transversus abdominis muscle 
is not seen because it is not situated this low. 

A small blunt retractor is placed under the 
dissected free edge of the internal oblique, 
and this muscle is retracted cephalad. The lat- 
eral cut edge of the external oblique aponeu- 
rosis is retracted outward, thus exposing Pou- 
parts ligament. The finger or a blunt 
instrument is placed on this ligament and 
passed downward to the pubic spine. This ele- 
vates the spermatic cord, which then is re- 
tracted laterally. 

Since the hernial sac is found at the upper 
inner quadrant of the cord, lateral traction 
on the cord tenses the transversalis fascia 
which overlies the sac. It is at this quadrant 
that the transversalis fascia should be opened. 
Then the properitoneal fat layer is identified; 
it serves as an excellent guide, since the peri- 
toneum (sac) lies immediately subjacent to this 
fat. However, the transversalis fascia, the pro- 
peritoneal fat and the peritoneum may be 
fused into one layer, especially in thin individ- 
uals, so that the sac is entered immediately 
when an attempt is made to dissect the 
transversalis fascia. 

The sac is dissected free from the surround- 






Incision 
Int obliaue È 


Apon. of ext 
oblique Tr. 


F =i 
4 te l 
2% T a 
sie | 
= x a 
ree a - 
À a 

| i S 

i 7 1 

k T P te ii 

ed a 
| j À i 








Int oblique m. 


Llio- 
“anguinal Tı. 


Cord 


transv. nm. “hee 
Transvensalis | | 
Jac be- ytascia. b | 
neath 


Repair of 
ring 


Transversalis < 
fascia sutured” 
to Poupart'’s ligy 


Fig. 316. The repair of an indirect inguinal hernia. 
(A) The incision extends from a point which joins 
the middle and the outer thirds of an imaginary 
line between the anterosuperior iliac spine and the 
umbilicus to the pubic tubercle. (B) The cremaster 
fibers are cut, and the lower border of the internal 
oblique muscle is freed. (C) The internal oblique 
muscle is retracted upward, and the transversalis 
fascia is incised at the upper, inner quadrant of 
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the cord. (D) The sac is elevated and opened. (E) 
The sac has been ligated high; the transversalis fas- 
cia is repaired by means of a purse-string suture 
which incorporates the fascia overlying the cord. 
(F) The free edge of transversalis fascia is sutured 
to Poupart’s ligament. (G) No sutures are placed 
in the internal oblique muscle. (H) The aponeurosis 
of the external abdominal oblique is sutured. 


Surgical Considerations 


ing structures, it is opened, and its contents 
are reduced. Its neck should be freed as high 
as possible, which anatomically implies on a 
level with the deep epigastric vessels. In indi- 
rect inguinal hernias these vessels lie medial 
to the neck of the sac. With downward trac- 
tion on the sac and upward traction on the 
internal oblique and the transversalis fascia, 
a high ligation becomes possible. The sac is 
transfixed and ligated, and the redundant tis- 
sue distal to the ligature is cut away. 

The defect in the transversalis fascia, which 
the surgeon has created, must be repaired 
properly to prevent the development of a di- 
rect hernia. This closure is accomplished by 
means of a purse-string suture which incorpo- 
rates the fascia overlying the spermatic cord. 
Then the free edge of transversalis fascia is 
sutured to Poupart’s ligament. No sutures are 
placed in the internal oblique muscle, since 
this would interfere with its sphincteric or 
shutterlike action. The cut edges of the apo- 
neurosis of the external abdominal oblique are 
sutured, thus reconstructing the roof of the 
inguinal canal. Scarpa’s fascia and the skin are 
closed as separate layers. 


Direct Hernias. Since the underlying cause 
of a direct inguinal hernia is a weakness of 
or defect in the transversalis fascia, the 
method of repair becomes the most important 
feature. The operation is essentially the same 
as that described for an indirect hernia. When 
the bulge of a direct hernia has been located, 
the thinned transversalis fascia is opened and 
the underlying properitoneal fat and the her- 
nial sac are freed. The sac usually is not 
opened but is reduced by means of a purse- 
string suture. One attempts to repair the de- 
fect in the thin transversalis fascia by means 
of mattress sutures which imbricate it. The 
resulting free edge of transversalis fascia then 
is sutured to Poupart’s ligament. If the fascia 
is too thin and will not hold the sutures, a 
flap of the anterior rectus sheath (internal 
oblique aponeurosis) is freed and sewed to 
Poupart’s ligament. 

There is much controversy as to who origi- 
nated the relaxing incision used in hernial re- 
pairs. Anton Wolfler in 1892 described what 
I believe to be the first relaxing incision (Fig. 
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Fig. 317. This is frequently referred to as the relax- 
ing incision of Halsted. 


317). The procedure is frequently referred to 
as the relaxing incision of Halsted, who de- 
scribed the incision or some modification 
thereof in 1903. I have further modified the 
procedure by making a flap of the rectus 
sheath which I approximate to Poupart’s liga- 
ment to reinforce and strengthen the floor 
of Hesselbach’s triangle (Fig. 318). Numerous 
modifications, including cutis grafts, wire 
mesh and fascia lata have been used to 
strengthen this defect. 


Umbilical Region 


The umbilical region occupies the central part 
of the anterolateral abdominal wall. 


Embryology. The cloaca is a part of the hind- 
gut which ultimately separates into a dorsal 
part (rectum) and a ventral part. The ventral 
section divides into 3 components: (1) a cranial 
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Fig. 318. Herniorrhaphy (direct inguinal hernia). 
(A) A flap is formed from the anterior rectus sheath 
(anterior lamella of internal oblique muscle), which 
can be approximated without tension to the ingui- 
nal ligament. By turning this flap inside out it can 
be approximated to the inguinal ligament from the 
pubic spine to the internal inguinal ring. (B) Inter- 
rupted sutures are placed which hold the rectus 
flap to the inguinal ligament. These sutures extend 


component which becomes the urachus (al- 
lantois), (2) a middle part which becomes the 
bladder and (3) a caudal part which becomes 
the urethra and, in the female, part of the 
vagina (Fig. 319). The upper part of the allan- 
tois is continued into the umbilicus and the 
umbilical cord; the intraabdominal portion of 
the allantois is called the urachus. The urachus 
and the allantois become a solid cord, which 
may develop cystlike dilatations. These dilata- 
tions are characteristic of this cord and may 
be found at any period in the development 
of the embryo. They persist in many adults 
and account for the small cysts found at opera- 
tion. If the urachus remains patent at birth, 
a urinary umbilical fistula results. 

If the peritoneal surface of the umbilical 
region is examined, 4 fibrous cords are seen 
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from the pubic spine upward to the internal ring 
so that the latter is made snug. The femoral vessels 
lie beneath the inguinal ligament and can be in- 
jured if the needle is placed too deeply. I have 
avoided using the term “conjoined tendon” be- 
cause it is doubtful that such a structure exists. Su- 
tures should not be placed in the internal oblique 
muscle; such sutures could interfere with the im- 
portant shutterlike action of the muscle. 


Bladder 
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Fig. 319. Embryology of the umbilical region. The 
cloaca, a part of the hindgut, separates into a dorsal 
part (rectum) and a ventral part. The ventral part 
divides into a cranial part (the urachus), a middle 
part (the bladder) and a caudal part (the urethra). 
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radiating from it (Fig. 320). These are the re- 
mains of 4 tubes which pass through the um- 
bilical cord in fetal life; they are the urachus, 
the right and the left umbilical arteries and 
the left umbilical vein. They are situated in 
the extraperitoneal fatty layer of the anterior 
abdominal wall and produce peritoneal folds. 

In the early human embryo the alimentary 
tract communicates with the yolk sac by 
means of a vitello-intestinal (omphalomesen- 
teric) duct. This structure usually disappears 
when the embryo is between 6 and 12 mm. 
in length; it does not leave a residual perito- 
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Fig. 320. The umbilicus. (A) In the fetus, 4 struc- 
tures radiate from the umbilicus: the umbilical vein 
above and the 2 umbilical arteries and the urachus 
below. (B) The umbilicus seen from within, in the 
adult. The obliterated umbilical vein becomes the 
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neal fold. However, its vessels persist long af- 
ter the duct has disappeared. Although the 
duct normally disappears, a part of it may re- 
main or it may be found patent. If patent, 
an umbilical fecal fistula develops. If only the 
inner end remains patent, a Meckel’s diver- 
ticulum develops which may or may not be 
adherent to the umbilicus. Rarely, the median 
portion persists, and the duct becomes obliter- 
ated at both ends; in such cases an intestinal 
cyst results. At times the omphalomesenteric 
vessels persist as fibrous cords which may give 
rise to intestinal obstruction. 
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round ligament of the liver. The urachus becomes 
the median umbilical ligament, and the 2 obliter- 
ated umbilical arteries become the lateral umbilical 
ligaments. 
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Vessels. Originally, there were 2 arteries and 
2 veins. The left vein is the larger and persists, 
but the smaller right vein disappears before 
the embryo is 10 mm. long. 

The 2 umbilical arteries pass from the inter- 
nal iliac artery to the umbilicus. They run to 
either side of the urachus but soon become 
obliterated and are then known as the obliter- 
ated hypogastric (umbilical) arteries. In adults 
they appear as fibrous cords, but they may 
remain patent and then constitute the supe- 
rior vesical branches to the urinary bladder. 

The umbilical vein (left) passes upward and 
backward from the umbilicus to the liver, oc- 
cupying the free border of the falciform liga- 
ment; in this way the falciform ligament forms 
a “mesentery” for this vessel. At birth, when 
the umbilical cord is cut, the left umbilical 
vein becomes obliterated and thereafter is 
known as the round ligament or ligamentum 
teres of the liver. 


Umbilicus. Under normal conditions all the 
umbilical structures (duct, vessels and ura- 
chus) atrophy, and the umbilical ring becomes 
reduced to a small orifice. It heals rapidly, fi- 
brous changes take place, and a puckered scar 
called the umbilicus (navel) results. The re- 
traction of the umbilical vein usually draws 
the scar against the uppermost circumfer- 
ences of the umbilical ring; this is the weak 
spot where umbilical hernias may occur. 

The umbilical papilla is usually circular; it 
may bulge in the newborn, but in the adult 
it becomes retracted. At the umbilical ring, 
a thin layer of skin becomes fused directly 
to the ring margin, and there is no fat. Ascites 
or multiple pregnancies may dilate and en- 
large the ring. 

The umbilical fascia, when it exists, is de- 
rived from the transversalis fascia. 

The superficial lymphatics of the umbilical 
region pass in the subcutaneous fat and drain 
in 4 directions. The upper set passes to the 
axillary lymph glands, and the lower ones to 
the superficial inguinal group. These channels 
dip a little deeper and may rest on the muscu- 
lar aponeurosis. Those from the upper umbili- 
cal region pass to either side of the falciform 
ligament of the liver, pierce the diaphragm 
and drain into the anterior mediastinal glands. 
Small lymph channels are found along the 
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course of the round ligament of the liver; 
along this channel carcinoma of the gastroin- 
testinal tract (stomach and gallbladder) 
reaches the telltale umbilical lymph node. The 
lateral channels at first pass laterally, then 
curve downward to reach the deep inguinal 
glands. Thus, the lymph channels from the 
lower portion of the umbilicus may pass di- 
rectly downward to the deep inguinal set. 
Therefore, it is possible to find carcinomatous 
metastases at the umbilicus; a primary malig- 
nant tumor from the ovaries and the adnexae 
spreads by means of the lower set, and carci- 
noma from the gastrointestinal tract from the 
upper set. 


Types of Umbilical Hernias. Hernias may oc- 
cur in this region, and, owing to the persis- 
tence of the embryologic communication be- 
tween the peritoneal cavity and the umbilical 
cord, a congenital umbilical hernia may de- 
velop. Umbilical hernias have been classified 
as follows: (1) hernia of the umbilical cord, 
(2) umbilical hernia in adults and (3) umbilical 
hernia in children. 

Hernias of the umbilical cord may contain 
a considerable portion of the abdominal vis- 
cera. The coverings of such a hernia are am- 
nion, Wharton’s jelly and peritoneum. These 
coverings are so thin that the hernial contents 
may be seen through these diaphanous cover- 
ings. There is no skin over such a protrusion 
except at its edges. The condition has also 
been referred to as exomphalos and may be 
subdivided into complete or partial. 

The umbilical hernia of adults is the ac- 
quired umbilical hernia. The umbilical cicatrix 
becomes greatly stretched, allowing a process 
of peritoneum with coils of gut or omentum 
to escape through it. It is usually large and 
requires surgical repair. It should be recalled 
that the fibers of the rectus sheath run trans- 
versely; hence, Mayo has devised a procedure 
in which the incision follows the course of 
these transverse fibers. 

The congenital hernia of children usually 
is due to one of 2 causes, namely, the persis- 
tence of a small peritoneal process into the 
umbilical cord or an imperfect closure in the 
linea alba immediately above the umbilicus. 
Straining at stool and coughing may be addi- 
tional predisposing factors. 
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Repair of Umbilical Hernias 


An umbilical hernia rarely protrudes directly 
through the umbilical ring, but rather appears 
above or below it. A wide, elliptical, transverse 
incision is made, including the umbilicus at 
its central point. The incision is deepened to 
the rectus sheaths, and the neck of the sac 
is defined and freed from all adjacent tissues. 
Horizontal incisions are made at each end of 
the rectus sheaths; these enlarge the neck of 
the sac and aid in the reduction of its contents. 
The sac is opened at its neck; the contents 
are freed and returned to the peritoneal cav- 
ity. Some surgeons prefer to close the perito- 
neum as a separate layer but since this is usu- 
ally very difficult to define, because of the 
great amount of scarring, a repair is effected 
which includes fascia, scar and peritoneum to- 
gether. The repair is made by imbricating the 
upper flap over the lower with interrupted 
mattress sutures. This is followed by inter- 
rupted sutures placed between the free mar- 
gin of the overlapping sheath and the lower 
flap. 


Posterolateral Wall (Lumbar or 
Iliocostal Region) 


The lumbar region also has been referred to 
as the iliocostal and posterolateral region of 
the abdominal wall. It is a quadrilateral area 
situated between the lowest rib, the iliac crest, 
the vertebral column and a vertical line 
erected at the anterior superior iliac spine. 
The superficial fascia is arranged in two layers 
between which a large amount of fat usually 
is deposited. 

To understand the arrangement of the mus- 
culature in this region, reference should be 
made to the lumbodorsal (lumbar) fascia (p. 
402). 


Musculature (Superficial, Middle and 
Deep Layers) 


The muscles of the lumbar region can be di- 
vided conveniently into 3 groups: superficial, 
middle and deep (Figs. 321 and 322). 

The superficial musculature consists of: 
1. Latissimus dorsi 
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2. External abdominal oblique 
The middle layer consists of: 
1. Serratus posterior inferior 
2. Sacrospinalis (erector spinae) 
3. Internal oblique muscle 
The deep group consists of: 
1. Quadratus lumborum 
2. Psoas major 
3. Transversus abdominis 


The Superficial Muscles. The latissimus dorsi 
arises from the lower 6 thoracic vertebrae, 
from all the lumbar and upper sacral spines 
and from the supraspinous ligament through 
the posterior layer of the lumbodorsal fascia. 
It also has an origin by means of fleshy fibers 
from the outer lip of the iliac crest (posterior 
part), the last 3 or 4 ribs, and at times an addi- 
tional origin from the inferior angle of the 
scapula. From this very extensive origin the 
muscle inserts by means of a tendon, which 
is 1 inch broad, into the floor of the intertuber- 
cular sulcus of the humerus (p. 712). 

As the muscle passes upward and laterally 
to its insertion, it twists around the lower bor- 
der of the teres major in such a way that its 
surfaces and borders become reversed. The 
upper border of the muscle passes across the 
inferior angle of the scapula, forming a muscu- 
lar pocket for this scapular angle; in this way 
the scapula is held against the chest wall. Pa- 
ralysis of this muscle is one of the causes of 
“winging” of the scapula. 

The muscle takes part in the formation of 
the lumbar triangle of Petit, which is bounded 
in front by the posterior border of the external 
oblique, behind by the anterior border of the 
latissimus dorsi and below by the iliac crest 
(Fig. 321). The actions of the muscle are: ad- 
duction of the humerus, extension of the arm 
at the shoulder and medial rotation. The mus- 
cle is supplied by the subscapular artery and 
the thoracodorsal nerve. Its action can be 
tested by grasping the posterior axillary fold 
and asking the patient to cough vigorously; 
as this is done, the muscle will be felt to con- 
tract. 

The external abdominal oblique (p. 383) de- 
scends obliquely downward and forward and 
presents a free posterior border. It arises from 
the 9th, the 10th and the 11th ribs. During 
kidney operations these posterior fibers may 
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Fig. 321. The muscles of the lumbar region. A posterior view showing the musculature divided into 
3 groups: superficial, middle and deep. The serratus posterior inferior has been reflected upward. 


be retracted ventrally, or they may be incised. 
Such incisions should be placed parallel with 
the lower ribs to avoid cutting the nerves. The 
free posterior border of the external oblique 
usually is located at the midpoint of the iliac 
crest. 


The Middle Group of Muscles. Phylogeneti- 
cally, the serratus muscles form a continuous 
muscular sheet. This becomes divided into su- 
perior and inferior parts. 

The serratus posterior inferior appears in 
this region, blends with the lumbar fascia and 
through it gains attachment to the upper lum- 
bar and the lower thoracic spines. It is under 
the latissimus dorsi and passes upward and 
transversely to ribs 9, 10, 11 and 12. (The ser- 
ratus posterior superior is a flat muscle which 
lies under the rhomboids. It arises from the 
lower cervical and the upper thoracic spines, 
passes downward and laterally and inserts into 
ribs 2, 3, 4 and 5.) The muscles are supplied 


by corresponding intercostal nerves. The ser- 
ratus posterior superior elevates and the serra- 
tus posterior inferior depresses the ribs into 
which they insert. The serratus posterior infe- 
rior is an important surgical landmark in kid- 
ney operations, since its lowermost fibers lie 
superficial to the posterior lumbocostal liga- 
ment and mark this ligament (Fig. 324). Since 
the pleura is on a level with the lumbocostal 
ligament or slightly above it, incisions which 
encroach upon the muscle and the ligament 
should be avoided if the pleura is to escape 
injury. 

The sacrospinalis (erector spinae) muscle 
is really an elongated group of muscles which 
extends upward from the dorsum of the sac- 
rum and the posterior part of the iliac crest 
(Fig. 323). It corresponds to a muscle mass 
approximately as broad as the hand and is situ- 
ated in the aponeurotic compartment formed 
by the posterior and the middle layers of the 
lumbodorsal fascia (Fig. 326 B). Laterally, it 
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Fig. 322. The muscles of the lumbar region in cross section at the level of the 3rd lumbar vertebra. 
The serratus posterior inferior muscle is not shown in this view. 


extends from the spines of the vertebrae to 
the angles of the ribs; vertically, it passes from 
the 4th piece of the sacrum to the mastoid 
process of the occipital bone. It is best to con- 
sider this group as 3 subdivisions. 
1. The iliocostalis consists of lumbar, the tho- 
racic and the cervical portions and is the most 
lateral group. 
2. The longissimus is intermediate in position 
and is the widest and bulkiest of the 3 subdivi- 
sions; its uppermost part is the longissimus 
capitis. 
3. The spinalis constitutes the most medial 
subdivision and is the shortest of the three. 
In kidney incisions only the lateral bundles 
(iliocostalis) of the sacrospinalis muscle are en- 
countered. If they must be cut, the incision 
should be made transversely to the fibers, 


slightly below and parallel with the 12th rib, 
so that the lateral and the ventral branches 
of the last thoracic and the Ist lumbar nerves, 
and the dorsal branches of the 10th and the 
llth thoracic nerves and their accompanying 
vessels may be avoided. 

The internal oblique muscle, which arises 
from the iliac crest and the inferior part of 
the lumbodorsal fascia, extends posteriorly to 
the external oblique and forms the floor of 
Petit’s triangle (lumbar trigone). If this muscle 
is traced upward as it extends onto the lumbar 
fascia, it presents a free superior border. 

Another group, the transversus spinalis, is 
made up of 3 muscle masses which lie deep 
to the sacrospinalis (Fig. 323) and extend from 
the 4th piece of sacrum to the skull. They 
fill the groove which exists between the spines 
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Fig. 323. The sacrospinalis (erector spinae) muscle. lateral to medial. The inset shows a cross section 
This muscle mass is conveniently divided into 3 of this group and also of the muscles which consti- 
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of the vertebrae and their transverse pro- 
cesses. These 3 muscles lie one on top of each 
other. From superficial to deep they are: the 
semispinalis, the multifidus and the rotatores. 


The Deep Group of Muscles. The quadratus 
lumborum is a flat muscle which lies lateral 
to the psoas (Fig. 324). It arises from the ilio- 
lumbar ligament (which extends from the 5th 
lumbar transverse process to the posterior 
part of the iliac crest), from the adjoining part 
of the iliac crest and from the tips of the lower 
lumbar transverse processes. It takes an up- 
ward and medial course and becomes inserted 
into the lower border of the 12th rib. It fixes 
the last rib so that it assists the action of the 
diaphragm in inspiration and bends the verte- 
bral column to the side. The anterior and the 
middle layers of lumbar fascia surround this 
muscle. Its nerve supply is derived from lum- 
bar nerves 1, 2, 3 and 4. The anterior layer 
of lumbodorsal fascia separates it from the 
transversalis fascia. Its upper portion is 
strengthened anteriorly by the lateral lumbo- 
costal ligament. Normally, the kidney extends 
about | inch lateral to the lateral margin of 
this muscle; since the muscle can be drawn 





Fig. 324. The quadratus lumborum muscle. The 
relations of this muscle to the iliolumbar ligament, 
the lumbocostal ligament and the kidney are 
shown. 
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medially, only rarely is it necessary to sacrifice 
its lateral bundles for exposure in kidney oper- 
ations. 

The psoas major muscle may be considered 
as part of the iliacus muscle which has mi- 
grated above the iliac crest. (The psoas minor 
is present in approximately 50 per cent of indi- 
viduals.) It occupies the bony trough which 
is situated between the bodies and the trans- 
verse processes of the lumbar vertebrae (Fig. 
325). It arises from the 12th thoracic and all 
of the lumbar vertebrae and passes downward 
and laterally along the margin of the pelvic 
brim; it continues beneath the inguinal liga- 
ment, enters the thigh and inserts onto a trac- 
tion epiphysis of the lesser trochanter of the 
femur. Since this muscle is placed deeply and 
medially, it does not come directly into view 
in kidney surgery. It is supplied by lumbar 
nerves 2, 3 and 4 and is a powerful flexor of 
the thigh. It also assists in medial rotation of 
the thigh and flexes the trunk on the lower 
limb. 

The sheath of the psoas is a stout membra- 
nous covering which is situated around the 
muscle (Fig. 326). This sheath is attached me- 
dially to the bodies of the lumbar vertebrae, 
and laterally it blends with the anterior layer 
of the lumbodorsal fascia. It extends behind 
the femoral artery into the thigh where it 
blends with the psoas tendon; above it is kept 
open by its upper attachment to the body of 
the 2nd lumbar vertebra medially and the Ist 
lumbar transverse process laterally. Pus from 
a tuberculous thoracic vertebra may enter the 
sheath and become directed into the thigh 
where a puffy swelling may appear behind 
and on each side of the femoral vessels. Such 
collections may rupture higher up into the 
anterior compartment of the lumbodorsal fas- 
cia or under the iliac fascia. 

The transversus abdominis muscle also ap- 
pears in this region. It arises from the fusion 
of the 3 aponeurotic layers of lumbodorsal fas- 
cia and extends over the anterolateral wall 
toward the linea alba, where it becomes mus- 
cular. The upper part of the transversus apo- 
neurosis is strengthened by the posterior 
lumbocostal ligament. The peritoneum is 
separated from this muscle by extraperitoneal 
fat and transversalis fascia. 
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Fig. 325. The lumbar plexus. 


The nerves which are encountered in this 
regions are the 12th thoracic and the 1st lum- 
bar. The first lumbar nerve gives rise to the 
larger iliohypogastric and the smaller ilio-in- 
guinal nerves. These travel between the psoas 
major and the quadratus lumborum muscles. 
The iliohypogastric nerve pierces the trans- 
versus abdominis aponeurosis and then con- 
tinues between it and the internal oblique. 
The ilioinguinal nerve travels along the inner 
surface of the transversus aponeurosis until 
it perforates that muscle near the anterior 
part of the iliac crest. It then pierces the inter- 
nal oblique and continues through the ingui- 
nal canal (Fig. 306). 

The vessels found here are the 12th inter- 
costal artery (subcostal) and the lumbar artery 
and vein. The 12th intercostal artery is the 
last parietal branch of the thoracic aorta. It 
passes behind the lateral arcuate ligament 
above the subcostal nerve and accompanies 
that nerve across the quadratus lumborum 
and through the transversus muscle. It ends 
in twigs to the transversus and the internal 
oblique muscles. 

The subcostal vein lies above the artery, 
close to the last rib. Therefore, the order of 
these structures is: vein, artery and nerve. The 
vein passes behind the lateral arcuate liga- 


ment to join the azygos vein or the inferior 
hemiazygos (Fig. 282). 


Kidneys 


Fascial Relations. The surgical anatomy of 
the kidneys is closely related to the lumbodor- 
sal and the renal fasciae. 

The lumbodorsal fascia consists of 3 lay- 
ers—anterior, middle and posterior—which 
fill the gap between the 12th rib and the iliac 
crest (Fig. 326). The posterior and the middle 
layers are very dense and are stronger than 
the anterior. The posterior layer arises from 
the tips of the spines of the lumbar, the sacral 
and the thoracic vertebrae; the middle layer 
arises from the tips of the transverse processes 
of the lumbar vertebrae; and the anterior 
layer arises from the anterior surfaces of the 
lumbar transverse processes near their roots. 
The psoas fascia springs from this layer. 

As these 3 layers pass laterally they fuse near 
the outer border of the quadratus lumborum 
muscle; the fusion results in the formation of 
a dense tendinous structure known as the apo- 
neurosis of origin of the transversus abdom- 
inis muscle. It is from this structure that the 
internal oblique muscle partly arises. Between 
the posterior and the middle layers of lumbo- 
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Fig. 326. The psoas muscle and sheath. (A) The 
psoas sheath and the course taken by a psoas ab- 
scess. (B) Transverse section of the psoas mucle and 


dorsal fascia the sacrospinalis muscle group 
(erector spinae) is found, and between the 
middle and the anterior layer the quadratus 
lumborum is situated. 

The renal fascia is derived from the trans- 
versalis fascia. Tobin is of the opinion that 
the renal fascia is derived from “retroperito- 
neal tissue.” At the lateral border of the kid- 
ney the transversalis fascia splits into an ante- 
rior (prerenal) and a posterior (retrorenal) 
layer; in this way the perirenal fascial space 
of Gerota is formed (Fig. 327 A). The anterior 
layer is carried medially in front of the kidney 
and its vessels, the aorta and the vena cava, 
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sheath. The layers of the lumbodorsal fascia are 
shown. 


and becomes continuous with its correspond- 
ing layer of the opposite side. The posterior 
layer extends medially behind the kidney and 
blends with the fascia of the quadratus lumbo- 
rum and the psoas major muscles. Through 
this layer it gains attachment to the vertebral 
column. 

The two layers of renal fascia fuse at the 
upper pole of the kidney but remain separated 
at the lower pole (Fig. 327 B). This structural 
arrangement explains two facts: (1) it is possi- 
ble to shell out the kidney within its capsule, 
leaving the suprarenal gland in situ, because 
this fascia forms a separate chamber for the 
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Fig. 327. Fascial relations of the kidney. (A) Cross 
section through the hilus of the kidney. The renal 
fascia is derived from the transversalis fascia. At 
the lateral border of the kidney the transversalis 
fascia splits into an anterior prerenal and a poste- 
rior retrorenal layer. The fat surrounding the kid- 
ney is arranged in 2 layers: (1) pararenal (retrore- 
nal) fat and (2) perirenal fat. The latter fills the 
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space of Gerota. The arrow indicates the lumbar 
approach. (B) Longitudinal section through the kid- 
ney. The 2 layers of renal fascia fuse at the upper 
pole of the kidney but remain open at the lower 
pole. This explains the downward path (indicated 
by the arrow) of a ptotic kidney and also explains 
why the suprarenal remains in situ during the 
course of a nephrectomy. 
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suprarenal gland, and (2) diminution of the 
perirenal fat predisposes to mobility (floating) 
of the kidney; since the renal fascia does not 
fuse at the lower pole the kidney drops caudad 
but does not carry the suprarenal gland with 
it. The renal fascial envelope is poorly defined 
in the cadaver; however, like many other fas- 
cial layers, it is quite definite in the living. 
G. A. G. Mitchell is of the opinion that the 
anterior and the posterior layers of renal fascia 
fuse superiorly and laterally. Contrary to the 
accepted view, he states that they are also 
united medially and inferiorly. 

The fat surrounding the kidney is arranged 
in two separate fat planes, which are: (1) the 
pararenal fat (retrorenal fat) and (2) the peri- 
renal fat (Fig. 327 A). 

The pararenal fat is that layer of fat which 
lies behind the kidney and is located between 
the aponeurosis of origin of the transversus 
abdominis muscle and the posterior layer of 
renal fascia. It varies from a small layer 5 mm. 
thick to a cushion of enormous size. As soon 
as the aponeurosis of origin of the transversus 
muscle is incised, the first fat layer is reached. 

The perirenal fat, the second fat layer, is 
a specialized layer which lies in the fascial 
space of Gerota and fills this space. Before 
this fat can be seen, the posterior layer of renal 
fascia must be incised. It forms the fatty cap- 
sule of the kidney and runs completely around 
it, passing medially into the hilum and insinu- 
ating itself between the renal vessels. Its con- 
sistency is almost semiliquid; because of this 
property, it gives the kidney a certain amount 
of movement transmitted to it by the dia- 
phragm. 


The Kidney Proper (Vessels and Nerves). The 
kidney has 3 capsules: (1) the renal fascia 
(transversalis fascia), (2) the adipose capsule 
(perirenal fat) and (3) the capsule proper, a 
fibrous membrane which normally strips eas- 
ily from the kidney (in inflammatory condi- 
tions it strips with difficulty and tears kidney 
tissue). 

The kidney is reddish-brown in color and 
is soft in consistency. It is from 4 to 5 inches 
long, 2% inches wide and 1 inch in thickness 
at its middle. It is usually referred to as “bean- 
shaped,” having upper and lower poles, ante- 
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rior and posterior surfaces, and medial and 
lateral borders (Fig. 328 A). The hilus is a verti- 
cal slit on the medial border which is bounded 
by thick lips of renal substance. Through it 
the branches of the renal artery enter the 
gland, and the veins and the ureter leave. 

The hilus leads into a wide space inside the 
kidney called the sinus of the kidney. A num- 
ber of structures lie in the sinus: branches of 
the renal artery; tributaries of the renal veins; 
short funnel-shaped tubes called calyces, 
which unite to form the ureter; the dilated 
proximal end of the ureter called the pelvis 
of the ureter; and the lymph vessels, nerves 
and fat. 

The renal artery may divide into many 
branches before entering the gland, and it also 
sends a branch behind the ureter, the retro- 
ureteric branch of the renal artery. Anson, 
Cauldwell, Pick and Beaton conducted a com- 
prehensive study of the blood vessels in the 
dorsal portion of the trunk. They state that 
supernumerary renal arteries are more likely 
to be present than absent and that the ar- 
rangement of these vessels varies greatly. 
Commonly, the main artery is accompanied 
by lesser accessory renals which may give off 
an internal spermatic. When the accessory re- 
nals arise from the main renal, phrenic or sup- 
rarenal arteries, they are small and go to the 
upper pole of the kidney (Fig. 328 B); if they 
are large, they usually are arranged in a serial 
manner and affect both poles as well as the 
hilus of the kidney (Fig. 328 C). These vessels 
pass to the kidney either in front of or behind 
the inferior vena cava or may clasp the renal 
vein. Therefore, our concept of the so-called 
kidney “pedicle” may better be looked upon 
as a “ladder” of vessels which arise from the 
aorta over an area which might correspond 
to the entire height of the kidney. 

The veins emerge through the walls of the 
sinus and are quite small; they unite to form 
larger veins, which for the greater part lie 
in front of the arteries but may come to lie 
between the arteries and even behind the 
ureter. Anson and co-workers state that the 
pattern of the renal veins does not follow that 
of the renal arteries in number or in course. 
They believe that the right renal vein may 
be single, double or triple; however, duplica- 
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Fig. 328. The kidney and its blood vessels. (A) 
Front view of the right kidney. (B) When the acces- 
sory renal arteries arise from the main renal, the 
phrenic or the suprarenal arteries, they are small 
and go to the upper pole of the kidney. (C) When 
the accessory renal arteries are large, they usually 
are arranged serially and go to both poles and the 
hilus of the kidney. (D) The venous drainage of 
the dorsum of the trunk at the renal level. On the 
right, the pattern is a simple one: the renal and 
the suprarenal veins empty directly into the infe- 
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rior vena cava. On the left the pattern is a compli- 
cated one in which the left renal vein is the center 
of an extensive venous network: the inferior 
phrenic and suprarenal veins enter from above. 
The spermatic (ovarian), lumbar, capsular and 
anomalous vena cava enter from below and to the 
side. Other veins which make communications are 
the azygos and the hemiazygos (via the lumbars) 
and the internal and the external vertebral plexuses 
(via the intervertebrals and the lumbars). 
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tion of the left renal vein is very rare. How- 
ever, division of a single renal vein en route 
to the inferior vena cava is common, and in 
such instances, the divisions surround the 
aorta and form a circumaortic venous ring. 
Accessory renal veins are infrequent, but the 
complexity of the venous pattern is due to 
the continuity of the renal veins with veins 
which drain the surrounding structures. The 
left renal vein appears to be at the center 
of a huge venous network (Fig. 328 D). This 
makes nephrectomy hazardous and permits 
the spread of infectious materials and neo- 
plasms. The left renal vein is longer than the 
right; it has a greater distance to travel to the 
inferior vena cava, which lies to the right of 
the midline. The lymph vessels follow the 
veins and drain into nearby glands in the re- 
gion of the inferior vena cava and the aorta. 

The nerves are derived from the 12th thora- 
cic (subcostal nerve) and the Ist lumbar (ilio- 
hypogastric and ilioinguinal nerves); they run 
more or less parallel with the last rib. The 
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subcostal nerve is accompanied by the subcos- 
tal vessels. The 3 nerves lie in the pararenal 
fat; as they run forward, they come to lie be- 
tween the transversus abdominis and the in- 
ternal oblique muscles. 

Both kidneys lie above the level of the um- 
bilicus; the right kidney reaches the upper 
border of the 12th rib, the left reaches the 
lower border of the 11th rib and can be placed 
approximately opposite the last thoracic and 
upper 2 lumbar vertebrae (Fig. 329). The right 
organ, as a rule, lies somewhat lower than the 
left because of the volume of the right lobe 
of the liver. Occasionally, the kidneys occupy 
the same level, and in rare instances their rela- 
tions are reversed. The long axes of the organs 
are not parallel but are oblique to the spine; 
therefore, the upper poles are closer to each 
other than are the lower. The lower poles are 
about | inch above the highest point of the 
iliac crest; the outer border of the organ lies 
about % inch lateral to the outer border of 
the sacrospinalis muscle. 





Fig. 329. Posterior relations of the kidneys, seen from behind. The deep musculature has been removed 


on the right side. 
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The kidneys rest on 4 muscles: the dia- 
phragm above, the transversus muscle later- 
ally, the psoas muscle medially and the 
quadratus lumborum muscle (between the 
preceding two). 

The 12th rib is an important landmark in 
the kidney anatomy and is separated from the 
kidney by the pleura and the diaphragm. The 
12th rib takes an oblique course downward, 
while the lower border of the pleura is hori- 
zontal; therefore, these 2 lines cross like the 
letter “X.” This rib may be very short so that 
the sacrospinalis muscle covers it completely, 
and in such cases the 11th rib is often mistaken 
for the 12th, and an incision is placed too high; 
in such cases, the pleura may be opened inad- 
vertently. The 12th rib and the outer border 
of the sacrospinalis muscle form an angle 
which is known as the kidney angle. Pressure 
over this angle usually elicits tenderness in 
kidney lesions; lumbar incisions for kidney op- 
erations commence here. 

The relations of the anterior surface of the 
kidneys differ (Fig. 330). They are both capped 
by the suprarenal glands, but the right kid- 
ney’s anterior surface is related to the liver 
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above, the hepatic flexure of the colon below 
and the second part of the duodenum near 
the kidney hilum. Its lower pole. is crossed 
by the ascending branch of the right colic ar- 
tery. It is covered with peritoneum except at 
its extreme upper, inner and lower parts. At 
times a coil of small intestine may come into 
relation with the inferior pole. The left kidney 
has in front of it the stomach above, the spleen 
laterally, the pancreas transversely across it 
from the hilum to the splenic area, and the 
transverse colon below; the lower pole is in 
contact anteriorly and medially with coils of 
jejunum. It is crossed by the ascending branch 
of the left colic artery. Only gastric, splenic 
and jejunal surfaces are covered by perito- 
neum. 

The diaphragm separates the upper pole 
of the kidney from the pleura. Dorsal to the 
pleura are the 12th rib and the muscles of 
the back. In some individuals weak spots are 
left in the diaphragm above the 12th rib near 
its free end. The triangle is more marked on 
the left side because the liver covers it on 
the right. If such triangles are well developed, 
the lateral aspect of the kidney is in close rela- 
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Fig. 330. Anterior relations of the kidneys. 


Surgical Considerations 


tion with the pleura and the last rib, being 
separated from them by only a little adipose 
tissue. 

The kidneys are kept in place by attached 
vessels, by the pressure of surrounding organs 
and by their fat and fascia. The kidneys move 
downward with respiration for an excursion 
of about 2 cm. 

At times the lower poles of the kidneys are 
fused across the midline by a thick bridge of 
kidney tissue which crosses in front of the infe- 
rior vena cava and the aorta. This is called a 
“horseshoe kidney.” 


Anomalies of the Urinary Tract. Volumes 
have been written regarding the many anom- 
alies to which this tract is heir. Some authors 
question the term “aplasia”; they believe that 
it is an extreme form of hypoplasia. These ar- 
guments we shall leave to those who devote 
themselves to these entities. 


Surgical Considerations 


Nephrectomy 


No single incision accomplishes the desired 
exposure for all conditions affecting the kid- 
ney (Fig. 331). Furcolo described a transfascial 
approach which gives excellent exposure and 
produces minimal tissue damage. Another 
useful incision is the one herein described for 
nephrectomy. 

The incision begins about 1 inch above the 
junction of the last rib and the erector spinae 
muscle group. This passes almost vertically 
downward, with a slight inclination forward, 
to a point about halfway between the 12th 
rib and the iliac crest (Figs. 332 and 333 A). 
From this point it curves inward and forward 
and runs parallel with the iliac crest about 2 
inches from it. The incision is carried through 
the skin and the subcutaneous tissue until the 
musculature is exposed. The muscle layer con- 
sists of the latissimus dorsi and the serratus 
posterior inferior at the posterior end of the 
wound and the external oblique at the ante- 
rior extremity. The muscles (latissimus dorsi, 
serratus posterior inferior, external oblique, 
internal oblique and transversus abdominis) 
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are divided until the lumbar fascia is exposed. 
Deep to this fascia are the 12th dorsal nerve 
and vessels which cross from above downward 
and forward. If possible, they should be 
spared. Usually a well-developed layer of 
pararenal (retrorenal) fat will be found be- 
tween the lumbar aponeurosis and the ret- 
rorenal leaf of perinephric fascia. The retrore- 
nal leaf of renal fascia is opened and another 
fat layer, the perirenal layer, comes into view. 
This is the surgeon’s cleavage plane, since it 
is this fat which immediately surrounds the 
kidney. This fat continues around the pelvis, 
the great vessels and the ureter (Fig. 332). 
The peritoneum is pushed forward as the fat 
is wiped away, both poles are mobilized, and 
the kidney is delivered into the wound. Ne- 
phrectomy (Fig. 333) can be accomplished af- 
ter exposing and delivering the pedicle with 
its contained vessels and ureter. These are 
clamped and divided, the kidney is removed, 
and the pedicle is ligated. 


Kidney Transplantations 


These operations can extend the life expec- 
tancy of many patients. Either kidney can be 
used on either side. Some authorities believe 
that it is better to place the left kidney on 
the right and vice versa so that the renal pelvis 
lies anteriorly to avoid obstruction due to the 
anastomosis crossing vessels. 

The iliac fossa is exposed retroperitoneally 
through an incision made above and parallel 
with the inguinal ligament (Fig. 334). The re- 
nal artery is anastomosed end-to-end to the 
hypogastric artery and the renal vein end-to- 
side to the external iliac vein. The donor ure- 
ter is passed through the bladder wall and 
a submucosal tunnel is made for the uretero- 
neocystostomy, which in this instance is 
placed towards the patient’s right ureter. It 
is advisable to ligate or cauterize the lym- 
phatic vessels to avoid lymphoceles. 


The Adrenal Glands 


These are two in number and are situated, 
one on each side, in the epigastric region (Fig. 
328). They are flattened from before back- 
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Fig. 331. Various approaches to the kidney must 
be utilized, since no single approach admits suff- 
cient exposure for all surgical procedures on this 
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Fig. 333. Nephrectomy through a lumbar approach. 


ward, broad from side to side and set upon 
the superior extremity of the corresponding 
kidney. They have separate fascial capsules; 
this permits the removal of a kidney without 
removal of the suprarenal (Fig. 327 B). For 
the same reason, an adrenal does not move 
with a so-called floating kidney. However, 


Davie found that in 6 out of 1,500 postmortem 
examinations the adrenal and the kidney were 
fused so intimately that nephrectomy in these 
cases would have resulted also in a suprare- 
nalectomy. If this thought is kept in mind, 
careful exploration will reveal a small space 
(cleavage plane) filled with connective tissue 
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between the inferomedial angle of the adrenal 
and the kidney, where the two structures may 
be separated. 

The right adrenal is pyramidal in shape and 
smaller than the left. It is situated between 
the diaphragm and the right lobe of the liver. 
Its anterior surface is related to the inferior 
vena cava medially and the bare area of the 
liver laterally. The posterior surface is related 
to the kidney inferiorly and the crus of the 
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diaphragm superiorly. The right celiac gan- 
glion lies on the medial side of the right adre- 
nal gland. 

The left adrenal is semilunar in shape and 
seems to have slipped down on the medial 
border of the kidney as far as the renal vessels. 
Therefore, its lower pole is in contact with 
the renal vessels and its upper pole is in con- 
tact with the spleen. Its anterior surface is re- 
lated to the stomach superiorly and to the pan- 
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Fig. 336. The thoracoabdominal approach gives excellent exposure to the given side. 
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Fig. 337. Bilateral incisions are made to expose 
both adrenals. 


creas inferiorly. The posterior surface is 
related to the crus of the diaphragm medially 
and the kidney laterally. 

The blood supply has been carefully de- 
scribed by Anson and colleagues (Fig. 328). 


New Approaches to the Adrenal Glands. 
There are 3 basic approaches to the adrenals. 
The choice is an individual one depending 
upon the habitus of the patient and the experi- 
ence of the surgeon. 

1. The transabdominal approach has the ad- 
vantage of permitting simultaneous bilateral 
exploration of the adrenals through a single 
incision. It is a time consuming and difficult 
procedure (Fig. 335). 

2. The thoracoabdominal approach affords 
excellent exposure to a single adrenal and its 
surrounding anatomy. The incision and expo- 
sure is illustrated in Figure 336. 

3. A bilateral posterior approach is done with 
the patient in the prone position. Usually it 
is necessary to resect the 11th and 12th ribs. 
Although the postoperative morbidity is said 
to be less in this operation, the main disadvan- 
tage is the limited exposure the procedure 
gives (Fig. 337). 


SECTION 4 


ABDOMEN 


Chapter 23 


Esophagogastrointestinal Tract 


Embryology 


Rotation and Fixation 


In the earliest days of its development, the 
gastrointestinal tract is represented as a 
straight tube of uniform caliber which is sus- 
pended in the midline of the abdominal cavity 
by a ventral and a dorsal mesentery (Fig. 338). 
The dorsal mesentery extends along the entire 
length of this tube; it may be subdivided into 
mesogastrium, mesoduodenum, mesojeju- 
num, mesoileum and the various mesocola. 
However, the ventral mesentery extends only 
as far as the first inch of the duodenum or, 
in other words, as far as the umbilicus; it is 
referred to as the ventral mesogastrium. The 
straight gastrointestinal tube lies between 2 
layers of mesentery and therefore has right 
and left surfaces. The aorta supplies the entire 
tube by means of 3 branches: the celiac axis 
and the superior and the inferior mesenteric 
arteries. The celiac axis supplies the foregut 
(stomach and duodenum as far as the entrance 
of the bile duct). The superior mesenteric ar- 
tery supplies the midgut (from the entrance 
of the bile duct to the junction of the middle 
and the left thirds of the transverse colon). 
The inferior mesenteric artery supplies the 
hindgut (from the left third of the transverse 
colon to the rectum). 

Since the adult intestinal tract is well over 
20 feet in length, and since the abdominal 
cavity is only 2 feet long, many changes must 
take place to accommodate the one to the 
other. 
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The initial short segment of the straight 
tube is the abdominal esophagus; distal to this, 
the upper part of the foregut bulges to form 
the stomach. The lower inch of foregut and 
the entire midgut lengthen to form the redun- 
dant umbilical loop, which has a descending 
proximal limb and an ascending distal limb 
(Fig. 338). The small intestine eventually de- 
velops from the descending limb and part 
(about one half) of the ascending limb; the re- 
maining half of the ascending limb bulges into 
a cecal bud. The segment at the terminal por- 
tion of the umbilical loop (initial colic seg- 
ment) is directly continuous with the hindgut 
(terminal colic segment). Elongation of the ini- 
tial colic segment (midgut) forms the ascend- 
ing colon and the greater part of the trans- 
verse colon. The terminal colic segment 
(hindgut) forms the remainder of the trans- 
verse colon, the descending, the sigmoid and 
the pelvic portions of the colon. The rectum 
develops from the primitive cloaca. 

The upper end of the hindgut is fixed to 
the posterior abdominal wall by the mesen- 
tery of the terminal colic segment. Where the 
midgut meets the hindgut or, in other words, 
where the initial colic segment meets the ter- 
minal colic segment, an angle is formed 
known as the “colic angle.” The extremities 
of the midgut are anchored by the fixed upper 
duodenum above and the fixed “colic angle” 
below. These two fixed points are quite close 
together, and the mesentery-filled space be- 
tween them is known as the duodenocolic isth- 
mus. 

Part of the umbilical loop (descending limb 
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Fig. 338. Rotation and fixation of the gastrointestinal tract. 
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and first half of ascending limb) grows so rap- 
idly that the embryonic peritoneal cavity is 
unable to contain it; as a result of this, part 
of the loop grows into the umbilical cord (ex- 
traembryonic celom). This results in an umbil- 
ical hernia which is temporary and physio- 
logic. 

The superior mesenteric artery supplies the 
umbilical loop (midgut). It starts as a branch 
of the abdominal aorta, passes through the 
duodenocolic isthmus, sends branches to the 
umbilical loop and ends as the vitelline artery 
which supplies the vitello-intestinal duct. This 
duct, also called the omphalomesenteric duct, 
is the communication between the midgut 
and the yolk sac; normally, it disappears. It 
will be discussed in detail under the heading 
of Meckel’s diverticulum (p. 470). As the ar- 
tery runs in the mesentery of the umbilical 
loop it sends branches upward to the descend- 
ing limb and downward to the ascending limb 
of the loop. Some authors prefer to refer to 
the limb and the mesentery supplied by the 
upward running branches as the prearterial 
limb and the prearterial mesentery; the limb 
and the mesentery supplied by the branches 
which run downward are referred to as the 
postarterial limb and the postarterial mesen- 
tery (Fig. 338 C). 

At the beginning of the 5th week, rotation 
takes place. It starts while the midgut loop 
is still in the umbilical cord. The growth of 
the right lobe of the liver starts rotation by 
pressing on the prearterial segment so that 
this segment is pushed to the right and down- 
ward. This in turn forces the postarterial seg- 
ment up and to the left. The growth of the 
liver has thereby succeeded in rotating or 
pushing the umbilical loop 90° counterclock- 
wise so that the primitive left surface of the 
mesentery of the loop now faces upward, and 
the primitive right surface faces downward 
(Fig. 338 D). If rotation is arrested at this stage, 
the appendix and the cecum are found on the 
left side of the body. 

About the beginning of the 10th week the 
umbilical loop, which now lies transversely, 
starts to return from the umbilical cord to the 
abdominal cavity. This return takes place in 
a definite and orderly manner. The proximal 
part of the prearterial segment returns first. 


Abdomen: Esophagogastrointestinal Tract 


At this stage, the superior mesenteric artery 
is fixed firmly from its origin at the aorta to 
its termination at the umbilicus so that it forms 
a taut cord. The return of the small gut starts 
to the right of this artery, but since the intra- 
abdominal space to the right of the artery is 
small, the coils which have been reduced first 
are pushed to the left and behind the artery. 
As these coils pass to the left they encounter 
the dorsal mesentery of the hindgut which 
occupies the midline. This in turn is also 
pushed to the left ahead of the small gut so 
that the descending colon comes to occupy 
the left flank, and what was the “colic angle” 
is pushed upward and to the left to form the 
splenic flexure. As the last coil of ileum enters 
the abdominal cavity it carries the superior 
mesenteric artery with it. The cecum and the 
right half of the colon now follow, crossing 
in front of the origin of the superior mesen- 
teric artery. At this stage, the following has 
been accomplished (Fig. 338 E): 

1. The duodenum lies behind the superior 
mesenteric artery. 

2. The transverse colon is in front of the supe- 
rior mesenteric artery. 

3. The small gut travels from the left upper 
to the right lower quadrant of the abdomen. 
4. The descending colon has been pushed to 
the left. 

5. The cecum and the appendix are under 
the liver. 

6. There is no ascending colon. 

As rotation continues, descent of the cecum 
and fixation of the gut to the posterior abdomi- 
nal wall takes place. The cecum descends until 
it reaches the right iliac fossa; as a result of 
this, an ascending colon is formed. The as- 
cending, the transverse and the descending 
portions of the colon now have reached their 
ultimate positions, thus forming an inverted 
“U” which embraces the jejunum and the 
ileum. The cecum, the ascending colon and 
the ascending mesocolon (postarterial) fuse 
with the right parietal peritoneum. The upper 
limit of ascending mesocolon overlies a part 
of the loop of the duodenum and the head 
of the pancreas, which aids in fixing these 
structures to the posterior abdominal wall. 

The transverse colon and the mesocolon do 
not fuse with the posterior abdominal wall; 
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hence, part of the colon hangs free in the peri- 
toneal cavity by its unfused mesentery. The 
two transverse “colic angles” (hepatic and 
splenic flexures) are fixed. The jejunal and the 
ileal loops with their mesentery acquire no 
posterior fixation so that they hang free by a 
common jejunoileal mesentery which passes 
obliquely from the duodenojejunal flexure to 
the ileocecal angle. 

The descending colon, with its mesocolon, 
normally fuses with the left parietal perito- 
neum. A peculiar characteristic of the mesen- 
tery of the sigmoid is that it does not fuse 
with the left pelvic peritoneum, and because 
of its redundancy it forms an intersigmoid re- 
cess or fossa of variable depth (p. 487). 

If the surgeon bears in mind the facts just 
described, he will recall that cohesion has 
taken place between the two surfaces of peri- 
toneum, but that these layers are not firmly 
fixed. They may be restored to their embryo- 
logic state by opening and separating them. 
No vessels, nerves or other vital structures 
pass between them; hence, the surgeon refers 
to such spaces as “cleavage planes.” 

Fixation along the entire alimentary tract 
has taken place by lateral fixation, either right 
or left. Therefore, when one wishes to restore 
a segment of gut to its embryologic state, one 
must incise lateral to the segment, enter the 
cleavage plane and free the gut in a medial 
direction. In this way, the primitive dorsal 
mesentery is reconstructed. 

It is unnecessary to free the transverse colon 
or the sigmoid because they do not fuse. How- 
ever, fusions and fixations are variable so that 
at times fusion does not take place, and the 
ascending colon hangs free by its original mes- 
entery; on the other hand, the sigmoid, which 
normally does not fuse with the parietal peri- 
toneum, may do so, either partially or com- 
pletely, and may require separation. 


Fetal Circulation 


Since the lungs do not function in fetal life, 
the fetus receives oxygenated blood from the 
placenta by way of the umbilical vein (Fig. 
339). This vein passes through the liver and 
enters the inferior vena cava via the ductus 
venosus. Some of the blood may circulate 
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through the liver and enter the inferior vena 
cava through the hepatic veins. As the inferior 
vena cava enters the right auricle it contains 
a mixture of oxygenated blood from the pla- 
centa and unoxygenated blood from the fetus. 
Most of the blood from the inferior vena cava 
passes through the foramen ovale and into the 
left auricle, where it mixes with the venous 
blood returning from the lungs. This blood 
passes from the left auricle to the left ventricle 
and out through the aorta. 

The superior vena cava conveys the blood 
from the head and the superior extremities 
to the right auricle. The greater part of this 
blood is directed to the right ventricle and 
then out the pulmonary trunk. 

Most of the blood from the pulmonary trunk 
passes through the ductus arteriosus to the 
aorta, the trunk and the inferior extremities. 
Part of this blood is returned to the right auri- 
cle via the inferior vena cava, and part flows 
through the hypogastric arteries to the umbili- 
cal arteries and out to the placenta for re- 
moval of waste products and oxygenation. The 
blood in the pulmonary trunk which does not 
pass through the ductus arteriosus passes 
through the main branches of the pulmonary 
trunk to the lungs, through which it circulates 
but receives no oxygen; it returns to the left 
auricle by way of the pulmonary veins. 

In the fetus, the work of the right ventricle 
is increased because it riot only pumps blood 
through the ductus arteriosus but also against 
the high pressure of the collapsed lungs. 
Hence, during intrauterine life the right ven- 
tricle does more work, so that at birth the 
thickness of both ventricles is approximately 
the same. 

The fetal structures as compared with those 
in adult life may be outlined in the following 
manner: 


FETUS ADULT 
Umbilical vein......... Ligamentum teres 
of liver 
Ductus venosus........ Ligamentum 
venosum 
Ductus arteriosus ...... Ligamentum 
arteriosum 


Lateral umbilical 
ligaments 


Hypogastric arteries 
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Fig. 339. Normal fetal circulation. Red indicates arterial blood; blue indicates venous blood; and purple 


indicates an admixture of both. 


Esophagus 


Embryology 


At a very early period in fetal development 
the stomach is separated from the primitive 
pharynx by a constriction which is the future 
esophagus (Fig. 340). Owing to the develop- 
ment of the lungs, the constriction becomes 
lengthened, but previous to this elongation 


the trachea and the esophagus form a single 
tubular structure. The latter becomes divided 
by the growth of 2 lateral septa which fuse 
and form the trachea anteriorly and the 
esophagus posteriorly. The esophagus be- 
comes converted into a solid cord of cells, los- 
ing its tubular nature; this cord later becomes 
canalized to form a tube again. The embryol- 
ogy of the esophagus explains the develop- 
ment of an esophagotracheal fistula which 


Esophagus 





Fig. 340. Embryology of the esophagus. (A), (B) 
and (C) represent the medial growth of two lateral 
septa which divide the early single tubular struc- 
ture into an anterior (ventral) trachea and a poste- 
rior (dorsal) esophagus. (D) The trachea and the 
esophagus as a single structure. (E) Later develop- 
ment and separation of the esophagus and the tra- 
chea. 


would be due to a lack of fusion of the 2 lateral 
septa. If there is imperfect canalization of the 
solid cord stage, a congenital stricture may 
result. 


Adult Esophagus 


The fully developed esophagus is a muscular 
tube lined with mucous membrane; it is about 
10 inches long (Fig. 341). It commences at 
the lower margin of the pharynx, which is op- 
posite the 6th cervical vertebra, and at the 
lower border of the cricoid cartilage. Its termi- 
nation is at the cardiac orifice of the stomach 
opposite the llth thoracic vertebra. In its 
course it passes through the lower part of the 
neck, the superior mediastinum, the posterior 
mediastinum and the diaphragm; its terminal 
inch or inch and a half is within the abdomen. 
The distance from the front teeth to the junc- 
tion of the esophagus and the stomach is about 
16 inches. 


423 


Three constant constrictions are found in 
the esophagus. The first is at its beginning on 
a level with the cricoid cartilage. The second 
is behind the bifurcation of the trachea (bron- 
choaortic constriction) on a level with the 4th 
thoracic vertebra. The third is at its passage 
through the esophageal hiatus in the dia- 
phragm. The last is not a narrowing of the 
tube itself but is due to the muscular fibers 
of the diaphragm which surround the esopha- 
gus. Its relations in the neck, the thorax and 
the abdomen are surgically important (Fig. 
163). 

In the neck it lies in front of the vertebral 
column and the longus cervicis (colli) muscle. 
On each side it is related to the thyroid lobe, 
and its left border is in close contact with the 
thoracic duct (Fig. 163). Anteriorly, it is in 
direct contact with the trachea and the recur- 
rent laryngeal nerves. To the left side of the 
esophagus the left inferior thyroid, the left 
carotid and the left subclavian arteries are 
found; on its right side, the right carotid artery 
is found. As it descends it inclines to the left 
side of the midline; hence, the surgical ap- 
proach usually should be from the left. 

In the thorax the esophagus does not re- 
main directly in the midline, but opposite the 
5th, the 6th, the 7th and the 8th thoracic 
vertebrae it returns to its midline position. 
In the lower part of the thorax it again inclines 
to the left, passes forward from the vertebral 
column and pierces the muscular part of the 
diaphragm at the level of the 10th thoracic 
vertebra. Therefore, it passes through the su- 
perior and the posterior mediastina. Posteri- 
orly, the esophagus is closely related to the 
bodies of the vertebrae in the upper two 
thirds of its course, but the longus colli, the 
thoracic duct, the azygos and the hemiazygos 
veins and the right posterior (aortic) intercos- 
tal artery intervene. In the lower third the 
esophagus is separated from the vertebral col- 
umn by the descending thoracic aorta and 
projections of the pleural sacs. Anteriorly, in 
the upper part of the thorax, the esophagus 
is in close relation to the trachea and its bifur- 
cation and to the left recurrent laryngeal 
nerve. Opposite the 5th thoracic vertebra it 
is crossed by the left bronchus, the bifurcation 
of the trachea being situated a little to the 
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Fig. 341. The esophagus seen from the left side. 
The distance from the upper incisor teeth to the 
beginning of the esophagus (cricoid cartilage) is 
about 6 inches; from the upper incisors to the level 


right of the median plane. Below this level 
the pericardium separates the esophagus from 
the left atrium. The right edge of the esopha- 
gus is closely related to the mediastinal aspect 
of the right lung; the left edge is related to 
the thoracic duct and to the left subclavian 
artery in the superior mediastinum. On a level 
with the 4th thoracic vertebra it is crossed 
by the aortic arch, and below that level is re- 
lated to the descending thoracic aorta; still 
lower it is related to the mediastinal surface 
of the left lung. Below the roots of the lung, 
the 2 vagi emerge from the posterior pulmo- 
nary plexus and come in contact with the 
esophagus. From this point, the right vagus 
descends on the posterior surface of the 
esophagus, and the left descends on its anterior 
surface. Because of the close relationship of 
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of the bronchi, 9 inches; to the cardia, 16 inches. 
Therefore, the esophagus itself is about 10 inches 
long. 


the pleura to the esophagus an empyema may 
be a late finding in esophageal carcinoma. 

In the abdomen, the esophagus passes 
through the esophageal opening in the dia- 
phragm, opposite the 10th thoracic vertebra, 
and ends at the cardiac opening of the stom- 
ach, opposite the 11th thoracic vertebra. Its 
entire abdominal part is about 1 inch long and 
is covered by peritoneum in front and over 
its left side. Posteriorly, it is in contact with 
the diaphragm and the left phrenic artery be- 
tween it and the diaphragm. 


Vessels and Nerves 


The arterial supply (Fig. 342 A) is derived 
from the esophageal branches of the inferior 
thyroid artery in its upper part; in the thorax, 
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Fig. 342. Blood vessels of the esophagus. (A) The ries in its lower part. (B) The venous return is 
arterial supply is derived from the inferior thyroid through the inferior thyroid veins in its upper part 
artery in its upper part; from the aorta, the intercos- through the azygos and the hemiazygos in its mid- 
tals and the bronchial vessels in its middle part; dle part and through the short gastric and the coro- 
from the left gastric and the inferior phrenic arte- nary veins in its lower part. 
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from the esophageal branches of the descend- 
ing aorta, the right intercostal and bronchial 
arteries. The diaphragmatic and abdominal 
portions are supplied by the left gastric and 
the left inferior phrenic arteries. 

The venous return of the esophagus (Fig. 
342 B) passes through the esophageal venous 
plexus which is located in the submucosa and 
from which branches pass through the muscu- 
lature to an intercommunicating venous 
plexus on the external surface. From the up- 
per part of this latter plexus the blood drains 
to the inferior thyroid veins, then to the 
brachiocephalic (innominate) veins and finally 
to the superior vena cava. From the middle 
portion of the esophagus, the veins drain to 
the azygos and the hemiazygos. The lower 
part of the esophageal plexus drains into the 
coronary and the short gastric veins. In such 
conditions as cirrhosis of the liver there is an 
obstruction to the venous flow in the portal 
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vein, and the blood is shunted to the superior 
vena cava via the coronary vein, the esopha- 
geal plexus and the azygos vein; this leads to 
the formation of esophageal varices. 

The lymphatic drainage of the esophagus 
also may be subdivided into upper, middle 
and lower parts (Fig. 343). Lymph from the 
upper part drains into the paratracheal and 
the inferior deep cervical nodes. The middle 
of the esophagus is drained by lymphatics 
which pass to bronchial nodes. The lower part 
is drained by vessels which travel to the poste- 
rior mediastinal nodes and then to the celiac 
and the suprapancreatic nodes. 

The nerves of the esophagus are derived 
from both the sympathetic and the parasym- 
pathetic systems (Fig. 344). The sympathetic 
innervation is derived from the cervical and 
the thoracic chains. In the neck, these fibers 
arise from the superior and the inferior cervi- 
cal ganglia; there may be a communication 


Fig. 343. Lymphatics of the esophagus. These may be divided into upper middle and lower parts. 
They drain into paratracheal, bronchial, and posterior mediastinal lymph nodes, respectively. 
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Fig. 344. The nerve supply of the esophagus. The sympathetic and the parasympathetic nerves to 
the esophagus are diagrammatically presented as seen from behind. 





Fig. 345. Proper position for left-sided approach to the middle third of the esophagus. With such position- 
ing adequate transthoracic transdiaphragmatic resection can be accomplished. 
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between the inferior ganglion and the recur- 
rent laryngeal nerve. The ansa subclavia loops 
over the front of the subclavian artery and 
connects the middle and the inferior cervical 
ganglia. The superior ganglion connects with 
the ganglia of the vagus. In the thorax, the 
esophagus receives its sympathetic fibers from 
the upper thoracic ganglia and the greater 
and the lesser splanchnic nerves. In the abdo- 
men, a few fibers from the celiac plexus supply 
it. 

The parasympathetic supply of the esopha- 
gus is received via the vagus nerves. The up- 
per part is supplied through the recurrent 
laryngeal nerve. The midportion of the 
esophagus receives its vagus fibers from the 
pulmonary plexuses, which are located on the 
posterior part of each bronchus. Esophageal 
nerves also are derived from the vagi which 
supply the lower part. 


Surgical Considerations* 


Carcinoma of the Middle Third of the 
Esophagus 


Figure 345 shows the positioning of the pa- 
tient for transthoracic, transdiaphragmatic re- 
section. 

The chest is opened by resecting the left 
7th rib. The 6th and the 8th ribs are divided 
as far posteriorly as possible, and if further 
exposure is required the 5th rib is divided sim- 
ilarly. 

The incision utilized here will be described 
as the standard incision through which major 
thoracic procedures can be accomplished. It 
is placed over the designated rib and extends 
from the nipple line in front to close to the 
vertebral column behind. This has been re- 
ferred to as a posterolateral incision, although 
it extends well anteriorly. The latissimus dorsi 
muscle is divided (Fig. 346). It is usually neces- 
sary to divide a few lateral fibers of the trape- 
zius and the rhomboid muscles as the posterior 
portion of the incision is deepened. The 
periosteum of the rib is incised and stripped 
from the costochondral junction anteriorly to 


* Adapted from P. Thorek, Diseases of the Esophagus 
Philip Thorek, M.D. 1952 
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the neck of the rib posteriorly. Because of the 
insertions of the external intercostal muscles, 
a periosteal elevator will pass easier if it is 
swept forward along the superior margin and 
backward along the inferior margin. The pari- 
etal pleura is incised, and the chest cavity is 
entered (Figs. 347 and 348). The posterior part 
of each intercostal artery appears as a single 
branch from the aorta, which extends be- 
tween the pleura and the external intercostal 
muscle. At the angle of the ribs, they divide 
into superior and inferior branches, which 
anastomose with the corresponding branches 
that originate from the internal mammary. 
The left lung is retracted upward, and the 
inferior pulmonary ligament is divided. The 
inferior pulmonary ligament continues medi- 
ally as the mediastinal pleura: hence, follow- 
ing division of this ligament, the mediastinal 
pleura over the esophageal triangle is incised 
automatically. By placing a finger in this trian- 
gle, the surgeon can pick up the lower end 
of the esophagus between the heart and the 
descending aorta. The mediastinal pleura is 
then incised over the entire length of the 
esophagus as high as the arch of the aorta. 

When the lesion is juxtaposition to the aortic 
arch the esophagus may become adherent to 
the aorta and at times to the pulmonary hiatus. 
Such fixations are due either to tumor invasion 
or inflammatory reaction. The esophagus must 
be separated from these surrounding struc- 
tures. Arterial branches arising from the aorta 
must be isolated, divided and ligated. If the 
tumor and the esophagus can be freed com- 
pletely, the lung is retracted anteriorly, and 
the mediastinal pleura above the arch of the 
aorta is divided immediately behind the left 
subclavian artery. The supra-aortic portion of 
the esophagus is freed from the trachea in 
front and the prevertebral fascia behind. 

The diaphragm is incised from the esopha- 
geal hiatus lateralward for about 3 inches. The 
stomach is mobilized . . . The esophagus is 
divided at the gastric cardia, the gastric end 
closed, and the esophagus displaced upward 
under the arch of the aorta and then brought 
out above and anterior to the arch. The mobi- 
lized stomach is brought into the chest and 
placed anterior to the aortic arch and well 
above it (Fig. 348 D). 


Surgical Considerations 
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Fig. 346. Standard posterolateral thoracic incision. 


Having completed the anastomosis, the dia- 
phragm is repaired: a new esophageal “hiatus” 
is formed; and the stomach is sutured around 
this “hiatus.” 


Carcinoma of the Lower Esophagus 
and Gastric Cardia 


Most surgeons have adopted this procedure 
as a routine treatment for tumors of the lower 
esophagus and the upper stomach. A com- 
bined abdominal and thoracic incision will be 
described here (Fig. 349). 

The abdominal part of the incision is placed 
over the upper portion of the left rectus ab- 
dominus muscle. This may be longitudinal, ob- 
lique or transverse. Through this incision the 
growth can be explored and resectability de- 
termined. If resection is feasible, the incision 
is extended into the thorax by cutting across 
the costal arch and posteriorly into the 8th 
intercostal space. The diaphragm is divided 
from its costal attachment to and through the 
esophageal hiatus. Excellent exposure is af- 


forded without the removal of ribs. The left 
inferior pulmonary ligament is divided, 
thereby uncovering the esophageal triangle. 
The esophagus is found readily between the 
heart and the descending aorta. The right and 
the left vagus nerves should be divided. 

The greater curvature of the stomach is mo- 
bilized by severing the vasa brevia, which run 
in the gastrosplenic and the gastrocolic liga- 
ments. The mobilization is carried distally to 
within an inch or two of the pylorus, at which 
point the right gastroepiploic vessels are di- 
vided. The gastrohepatic ligament is usually 
diaphanous and avascular and can be severed. 
The right gastric artery is preserved as it 
courses along the lesser curvature of the stom- 
ach. Division of the left gastric artery permits 
greater mobilization of the stomach so that 
it can be placed into the chest without tension. 

The cut edges of the diaphragm are sutured 
to the stomach well below the anastomosis. 
The remainder of the diaphragm is closed 
from the stomach wall to the costal insertion 
by using interrupted heavy cotton sutures. 
The chest is closed in layers. 
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Fig. 347. Transthoracic transdiaphragmatic proce- part of the esophagus and the greater part of the 
dure for removal of carcinoma of the thoracic stomach are mobilized. (C) The esophagus has been 
esophagus. (A) The 7th rib is removed, and the completely mobilized, both above and below the 
5th, the 6th and the 8th ribs are divided posteriorly. arch of the aorta. 

(B) The diaphragm has been severed, and the lower 
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Fig. 348. Transthoracic transdiaphragmatic proce- 
dure for removal of carcinoma of the thoracic 
esophagus (continued). (D) The tumor and the 
esophagus have been lifted over the arch of the 


Carcinoma of the Upper End of the 
Stomach 


Much has been written currently regarding 
total gastrectomy for malignant lesions of the 
stomach. Whether or not this is a feasible pro- 
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aorta, and the anastomosis is begun. (E) The dia- 
phragm is being repaired, following completion of 
the resection and the anastomosis. 


cedure will only be told by the test of time. 
Figures 350 and 351 show the steps involved 
in total gastrectomy with end-to-end esopha- 
goduodenostomy. When the duodenum can- 
not be mobilized sufficiently to permit an 
anastomosis without tension, then an esopha- 
gojejunostomy is done, using either the end- 
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Fig. 349. The surgical treatment for carcinoma of 
the lower end of the esophagus and the gastric 
cardia. (A) The thoracoabdominal incision. (B) The 
tumor has been isolated, the diaphragm split, and 
the stomach and the lower esophagus have been 
mobilized. (C) Clamps are placed well above and 
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well below the lesion. (D) Partial gastrectomy and 
esophagectomy with low intrathoracic esophago- 
gastric anastomosis has been accomplished. (E) The 
anastomosis is placed low in the chest, and the dia- 
phragm is repaired. 
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to-side anasotomosis or the Roux-en-y princi- 
ple. 

Following resection of all or most of the 
esophagus, some surgeons make a “new” 
esophagus. They use either the right or left co- 
lon to maintain an intact vascular pedicle. The 
colon is passed upwards behind the stomach 
and into the neck via the mediastinum or 
through a substernal tunnel. The proximal 
anastomosis is made to the cervical esophagus 
or pharynx and the distal anastomosis to the 
anterior wall of the stomach. An ileocolostomy 
preserves the intestinal continuity (Fig. 353). 


Palliative Procedures 


When there is evidence of marked local fixa- 
tion or invasion of vital structures, resection 
is impossible. Whenever possible, the esopha- 
gus should be transected above the inoperable 
lesion and the distal esophageal lumen closed 
(Fig. 352). Continuity is reestablished by end- 
to-side esophagojejunostomy. This procedure 
affords greatest relief. 


Stomach (Ventriculus or Gaster) 


Embryology 


To understand thoroughly the surgical anat- 
omy of the stomach and the maneuvers neces- 
sary for good surgical exposure, the embryol- 
ogy must be understood (Fig. 355). The 
stomach is developed from that part of the 
foregut which is situated between the esopha- 
gus and the pharynx in front and the liver 
bud and the yolk sac behind. During the 4th 
week, the stomach is located in the neck; at 
that time, the heart, the lungs and the stomach 
all lie near the exit of the vagal fibers from 
the central nervous system. During the 6th 
and the 7th week the growth of the lung buds 
causes an elongation of the esophagus and a 


Fig. 350. Total gastrectomy with end-to-end 
esophagoduodenostomy. (A) the incision extends 
from the xiphocostal angle above to an inch below 
the umbilicus. (B) The curvatures of the stomach 
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backward migration of the stomach so that 
it changes from a cervical structure to one 
which is located in the lower thorax. This or- 
gan, whose embryologic position has its long 
axis in the median plane and its greater curva- 
ture facing dorsally, changes its position so 
that in the fully developed stage it becomes 
almost transversely placed with its greater 
curvature facing downward and to the left 
and its lesser curvature facing upward and 
to the right. This change is brought about by 
two combined axial rotations: the first takes 
place about the long axis of the stomach and 
the second about the anteroposterior axis. The 
first rotation (longitudinal axis) swings through 
an arc of 90°; as a result of this, the primitive 
left gastric surface is directed forward; the 
primitive right gastric surface, backward; the 
greater curvature with its attached dorxsal 
mesogastrium, to the left; and the lesser curva- 
ture with its attached ventral mesogastrium, 
to the right. The lesser peritoneal cavity 
(omental bursa) now forms a retrogastric 
pouch; the spleen and the splenic artery are 
on the left; and the mesoesophagus has be- 
come so shortened that the esophagus lies al- 
most against the posterior wall. The second 
rotation (anteroposterior axis) draws the py- 
loric end of the stomach to the right and the 
cardiac end to the left. The opening into the 
lesser sac is formed and is known as the epi- 
ploic foramen (of Winslow). 


Adult Stomach 


The stomach is the most dilated part of the 
digestive tube. It is approximately 10 inches 
long, 5 inches wide and has a normal capacity 
of about 2 pints. It is capable of great dilatation 
and may shrink into a more-or-less tubular 
form when empty. At its upper part it is ap- 
proximated to the diaphragm by the esopha- 
gus; at its lower end it is more-or-less fixed 
because of its connection with the duodenum; 


are mobilized one inch distal to the pylorus. (C) 
The left triangular ligament is cut, and the perito- 
neum over the esophagus is incised. (D) The duode- 
num is mobilized. (E) The duodenum is divided. 
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Fig. 351. Total gastrectomy with end-to-end close to its origin. (G) The anastomosis is begun. 
esophagoduodenostomy (continued). (F) The som- (H) Detail of the 4-layer technic. (I) Completed op- 
ach is elevated, and the left gastric artery is ligated eration. 
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Fig. 352. Palliative procedure for inoperable carci- 
noma of the lower end of the esophagus. 


however, it should be recalled that the first 
inch of duodenum has some degree of mobil- 
ity. The position and the shape of the stomach 
are not fixed, since they vary considerably and 
are dependent upon the posture of the body, 
the amount of the gastric contents, the stage 
of gastric digestion, the degree of contraction 
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of both abdominal and gastric musculature, 
the pressure of surrounding viscera, respira- 
tion and gastric tonus. The long axis of the 
viscus passes downward, forward, to the right 
and finally backward and slightly upward. Its 
shape has been likened to a “horn of plenty” 
as it lies in the upper left part of the abdomen. 
It is largely under shelter of the ribs, from 
which it is separated by the diaphragm; the 
lower part of the left pleura and the left lung 
overlap it. Therefore, it lies in the epigastric 
and the left hypochondriac regions in such a 
manner that only one sixth of this viscus is 
to the right of the midline. The stomach has 
2 orifices, 2 curvatures, 2 surfaces and 2 inci- 
surae. It is further subdivided into a fundus, 
a body and a pyloric portion. 

The 2 incisurae, or “notches,” are the inci- 
sura angularis and the incisura cardiaca (car- 
diac notch) (Fig. 356). The left border of the 
esophagus is not continuous with the greater 
curvature as a straight line but meets it at 
an acute angle and forms the cardiac notch 
(incisura cardiaca). The incisura angularis 
(angular notch) is the deepest part of the con- 
cavity formed by the lesser curvature; there- 
fore, it is the angle formed by the junction 
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Fig. 353. Carcinoma of the esophagus, see text. 
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Fig. 354. Nerve supply of the esophagus, seen from behind. The sympathetic nerves are presented in 
green, and the parasympathetic (vagus) fibers in yellow. 


of the vertical and the horizontal parts of the 
lesser curvature; it is an important landmark 
in surgery of the stomach. If we locate the 
cardiac notch and draw a horizontal line 
across it and then drop an oblique line from 
the incisura angularis to the greater curva- 
ture, we shall have constructed the subdivi- 
sions of the stomach, namely: 

l. The fundus is above the level of and to 
the left of the cardiac notch. 

2. The body is that part which lies between 
the cardiac notch and the incisura angularis. 
3. The pyloric portion, the remainder, is fur- 
ther subdivided into pyloric antrum and py- 
loric canal. 

The 2 orifices are the cardiac and the py- 
loric. 

The cardiac orifice (cardia) is the point of 
junction between the esophagus and the stom- 
ach; it marks that point at which the 2 curva- 
tures begin. The esophageal end, which has 


been referred to as the cardia, is fixed to the 
diaphragm. It is about 1 inch to the left of 
the midline, about 4 inches behind the 7th 
left costal cartilage and is located at the level 
of the 9th thoracic spine. It presents the fol- 
lowing boundaries: in front, the left lobe of 
the liver; behind, the diaphragm; to its right, 
the esophageal branches of the left gastric ves- 
sels. 

The pyloric orifice is the communication 
between the stomach and the duodenum 
(duodenopyloric junction). This opening lies 
l inch to the right of the midline at the level 
of the lst lumbar vertebra. 

The 2 surfaces are anterior and posterior. 

The anterior surface is more convex than 
the posterior and is directed upward and for- 
ward. It lies below the lesser curvature and 
is covered by the left and also by a part of 
the right lobe of the liver; therefore, in the 
epigastrium and below the xiphoid, the stom- 
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Fig. 355. Embryology of the stomach. (A) Early 
development of the stomach as it is situated be- 
tween the two leaves of peritoneum which form 
the dorsal and the ventral mesogastria. (B) After 
the first rotation (longitudinal axis) in which the 
stomach swings through an arc of 90°. The omental 


ach is not in immediate contact with the ante- 
rior abdominal wall. Downward and to the 
left, however, there is a gastric triangle 
formed where this surface rests against the 
inner surface of the abdominal wall. It is 
bounded on the left by the 8th and the 9th 
costal cartilages, on the right by the free mar- 
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bursa is formed. (C) After the second rotation (an- 
teroposterior axis); this draws the pyloric end of 
the stomach to the right and the cardiac end to 
the left. (D) After rotation is completed, and with 
the distal portion of the stomach removed to show 
the peritoneal relations. 


gin of the liver and below by the transverse 
colon. It represents the most accessible por- 
tion of the stomach through an abdominal in- 
cision. In the left hypochondriac region, the 
stomach is covered not only by the ribs and 
the intercostal muscles but also by the left 
lung, the left pleural cavity and by the dia- 
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Fig. 356. The adult stomach. 


phragm. Thus, penetrating wounds in this re- 
gion may injure the pleura, the lung and the 
stomach; therefore, gastric contents may es- 
cape into the pleural cavity. The so-called 
space of Traube is situated in the left hypo- 
chondriac region and represents that portion 
of the stomach which is not covered by the 
neighboring viscera. It is bounded above and 
to the right by the inferior margin of the left 
lung; below and to the right by the costal mar- 
gin; and posteriorly and to the left by the 
spleen. When the stomach is empty, the 
transverse colon is displaced upward and 
comes to lie in front of the contracted viscus. 

The posterior surface runs downward and 
backward and forms a large part of the ante- 
rior wall of the lesser peritoneal sac (omental 
bursa). This sac separates the posterior surface 
from the so-called “stomach bed.” The greater 
curvature is in relation to the transverse colon 
below and behind; the adjoining part of the 
posterior surface rests on the transverse meso- 
colon. Above the transverse mesocolon, the 
stomach is in contact with the anterior surface 
of the pancreas; above the pancreas, the stom- 


ach lies to the left of the median plane and 
rests on the upper part of the left kidney and 
the left suprarenal gland. At a still higher 
level, the stomach (fundus) occupies the con- 
cave gastric area of the spleen and comes into 
relationship with the left half of the dia- 
phragm. The normal stomach is separated an- 
teriorly and posteriorly from the neighboring 
organs only by capillary spaces; this separation 
is effected in such a manner that direct con- 
tact is made. 

The 2 curvatures are the lesser on the right 
and the greater on the left. 

The lesser curvature extends between the 
cardiac and the pyloric orifices. It has vertical 
and horizontal parts which join at the incisura 
angularis and form a concave border in the 
form of a letter “J.” This curvature is continu- 
ous with the right margin of the esophagus 
and normally is overlapped by the liver. It 
affords attachment for the lesser omentum 
(gastrohepatic part) and contains the arterial 
circle formed by the right and the left gastric 
arteries. 

The greater curvature is convex and is 4 
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or 5 times as long as the lesser. Its upper third 
is directed toward the left; the middle third, 
downward and to the left; and the lower third, 
downward and to the right. It starts at the 
incisura cardiaca, passes upward as high as the 
6th left costal cartilage and ends at the pylo- 
rus. Along the lower part of the greater curva- 
ture, the 2 layers of peritoneum which enve- 
lop the stomach pass downward as the greater 
omentum; on the left, they pass backward to- 
ward the spleen as the gastrosplenic ligament. 
Although the lesser curvature is compara- 
tively fixed owing to its attachments, the 
greater curvature is freely movable, and its 
position alters as the stomach becomes full 
or empty, contracted or relaxed. When an in- 
dividual is standing, the greater curvature 
may descend to the umbilicus or below it, but 
when lying down, it is an inch or more above 
the umbilicus. In ptosis, the curvatures be- 
come more nearly vertical in position, and 
both curvatures descend; but in gastric dilata- 
tion the greater curvature is lower, without 
altering the position of the somewhat fixed 
lesser curvature. The right and the left gas- 
troepiploic vessels form an arterial circle as 
they separate the 2 layers of peritoneum 
which are attached here. 

The fundus is the rounded uppermost part 
of the stomach which is situated above the 
level of the esophageal junction; during life, 
it probably always contains gas. It bulges up- 
ward into the left cupola of the diaphragm 
as high as the level of the 5th costal cartilage 
and, therefore, is related to the heart, the peri- 
cardium and the left lung. This partly explains 
the increased cardiac activity and the acceler- 
ated respirations which are produced by the 
upward pressure of a full or distended stom- 
ach. The top of the fundus is almost on a level 
with the left male nipple. 

The body of the stomach is the main portion 
which lies between the incisura angularis and 
the incisura cardiaca (between the fundus and 
the pylorus). Its general direction is oblique 
and to the left. 

The pylorus is the point of junction be- 
tween the stomach and the duodenum. The 
outer surface of the pylorus is marked by a 
circular constriction (duodenopyloric con- 
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striction). It lies in the transpyloric plane, 
about 1 inch to the right of the midline, be- 
hind the quadrate lobe of the liver and in front 
of the neck of the pancreas. Its position usually 
is marked by a prepyloric vein (vein of Mayo) 
which descends over its anterior surface from 
the right gastric vein to the right gastroepi- 
ploic vein. However, this vein may be ill-de- 
fined. 

The pyloric portion of the stomach is di- 
vided into proximal and distal parts. The prox- 
imal part represents a slight dilatation and is 
known as the pyloric antrum. The distal part 
is more tubular and is called the pyloric canal. 
The pylorus usually is considered as that ter- 
minal half-inch of stomach which is in contact 
with and covered by the liver. Since the liver 
hides it from view and since most perforated 
peptic ulcers occur in this area, it becomes 
an area of great surgical importance. 

The pylorus has thicker walls than the rest 
of the stomach because of an increase in the 
circular muscle fibers. This thick muscular 
ring closes and relaxes the pyloric orifice and 
forms the pyloric sphincter. 

Normally, the pylorus is in a closed state, 
but when open it is capable of admitting a 
fingertip. Despite its narrowness, many cases 
are reported in which foreign bodies as large 
as pencils, forks, keys, and other objects have 
been passed through it. Behind, it is related 
to the portal vein, the hepatic artery and the 
common duct. 

Two layers of peritoneum envelop the stom- 
ach; at the lesser curvature these meet and 
pass upward as the lesser omentum, which 
becomes attached to the liver and the dia- 
phragm. This omentum has 2 parts: the gas- 
trohepatic and the duodenohepatic. The gas- 
trohepatic part is avascular, thin, transparent 
and contains no important structures. The 
duodenohepatic part of the lesser omentum 
is thick and contains 3 vital structures: the 
common duct, the portal vein and the hepatic 
artery. The 2 layers of peritoneum which 
clothe the stomach meet at the greater curva- 
ture and pass downward as one great fold. 
Different parts of this fold receive different 
names according to their attachments: the 
gastrohepatic ligament is attached to the dia- 
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phragm; the gastrosplenic ligament, to the 
spleen; and the greater omentum, to the 
transverse colon. That portion of greater 
omentum which is situated between the stom- 
ach and the transverse colon is known as the 
gastrocolic ligament (see Peritoneum, p. 447). 


Vessels and Nerves 


Arteries. The arterial supply to the stomach 
(Fig. 357) is derived from the celiac axis (p. 
442). 

The lesser curvature is supplied by the left 
gastric (coronary) artery which reaches the 
cardiac end of the curvature along the left 
edge of the gastrohepatic omentum. It passes 
upward and to the left on the left crus of the 
diaphragm, and then it turns over the upper 
border of the lesser sac to reach the stomach. 
It continues downward, forward and to the 
right, and passes along the curvature to anas- 
tomose with the right gastric (pyloric) artery, 
a branch of the hepatic. 

The greater curvature is supplied by the 
following arteries: 

The vasa brevia (short gastric), which are 
usually 4 or 5 in number arise from the splenic 
artery or from one of its terminal branches. 
These pass between the layers of the gastro- 
splenic ligament to the left end of the greater 
curvature and anastomose with esophageal, 
gastric branches, and the left gastroepiploic 
artery. 

The left gastroepiploic artery arises from 
the splenic near its termination, passes in the 
gastrosplenic ligament to the stomach and 
then runs from left to right along the greater 
curvature between the layers of the gastro- 
colic ligament. It anastomoses with the right 
gastroepiploic artery after sending branches 
to both surfaces of the stomach. 

The gastroduodenal artery takes origin 
from the hepatic above the duodenum, passes 
behind it between the neck of the pancreas 
and the duodenum and ends at the lower bor- 
der of the first part of the duodenum by divid- 
ing into a superior pancreaticoduodenal and 
a right gastroepiploic. The latter artery passes 
from right to left between the layers of the 
gastroepiploic omentum, sending gastric 
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branches upward to both walls of the stomach, 
and ends by anastomosing with the left gas- 
troepiploic. 


Veins. The veins of the stomach (Fig. 358) 
correspond to the arteries; they terminate in 
the portal vein or the 2 large vessels which 
form it (superior mesenteric and splenic 
veins). They form 2 great loops: the one along 
the lesser curvature and the other along the 
greater. Associated with these are some short 
gastric veins at the fundus. The loop on the 
lesser curvature is made up of the left gastric 
(coronary) and the right gastric veins. 

The left gastric vein accompanies the left 
gastric artery along the lesser curvature and 
receives tributaries from both surfaces of that 
organ and also from the esophagus. It contin- 
ues backward in the left gastropancreatic fold 
to the posterior wall of the abdomen; then 
it turns downward and to the right and emp- 
ties into the portal vein. 

The right gastric vein passes to the right 
along the lesser curvature of the stomach and 
at the pylorus turns backward and enters the 
portal vein. It receives venous blood from 
both surfaces of the stomach and from a vein 
which travels upward in front of the pylorus, 
the prepyloric vein of Mayo. The latter vessel 
usually connects the right gastric and the gas- 
troepiploic veins. The venous loop along the 
greater curvature lies between the layers of 
the greater omentum and is made up of the 
left and the right gastroepiploic veins. 

The left gastroepiploic vein passes upward 
and to the left and empties into the splenic 
vein. 

The right gastroepiploic vein runs to the 
right, arches backward at the pylorus and usu- 
ally enters the superior mesenteric. The left 
gastric vein (portal system) anastomoses with 
the lower esophageal vein; the latter in turn 
anastomoses with the upper esophageal veins 
which drain through the azygos into the caval 
venous system. On this way, an important 
communication is formed between the portal 
and the caval systems (portacaval anastomo- 
sis). The veins at the inferior end of the 
esophagus may become distended and vari- 
cosed in such conditions as cirrhosis of the 
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Fig. 357. Arterial supply of the stomach. (A) The relations of the vessels. (B) The stomach has been 
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Fig. 358. Veins of the stomach. (A) The liver has been sectioned to show the venous relations. (B) 
The distal four fifths of the stomach and part of the pancreas have been removed. 
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liver (portal obstruction); their rupture results 
in severe hematemesis which may be fatal (see 
Esophagus). 


Lymph Drainage System. The lymph drain- 
age of the stomach (Fig. 359) follows the 3 
branches of the celiac axis (hepatic, gastric and 
splenic). Hence, there are 3 sets of lymph 
glands and ducts: (1) hepatic, (2) gastric and 
(3) pancreaticolienal. 

l. Hepatic Glands. These lie in the lesser 
omentum along the course of the bile ducts; 
part of them follow the course of the cystic 
and the hepatic arteries and are known as the 
cystic (hepatic) glands. They receive lymph 
from the liver and the gallbladder. Since this 
set of glands follows the course of the hepatic 
artery or its branches, they give rise to a group 
of glands (subpyloric) which are located on 
the head of the pancreas and in the angle be- 
tween the Ist and the 2nd parts of the duode- 
num. They receive lymph from the right two 
thirds of the greater curvature of the stomach; 
this lymph travels via the inferior gastric 
glands. Therefore, the hepatic group of glands 
has 3 separate sets associated with it: a hepatic 
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proper, following the duct; a cystic, following 
the cystic artery; and a subpyloric, following 
the gastroduodenal artery. 

2. Gastric Glands. The 2nd group of glands 
is the gastric. It is divided into superior and 
inferior subgroups. The superior glands follow 
the course of the left gastric artery along the 
lesser curvature of the stomach and between 
the layers of the lesser omentum. The inferior 
glands follow the right gastroepiploic vessels 
between the layers of the greater omentum; 
they are found mainly along the pyloric half 
of the greater curvature. 

3. Pancreaticolienal Glands. The 3rd group 
is the pancreaticolienal (splenic set). These fol- 
low the course of the splenic artery along the 
upper border of the pancreas. Some are found 
in the gastrosplenic ligament in relation to 
the short gastric branches of the splenic ar- 
tery. 

Preaortic (Celiac) Glands. The efferent 
lymphatics from all of these glands pass to 
glands which surround the celiac axis in front 
of the aorta; these are known as the celiac 
group or preaortic glands. The lymph drain- 
age of the stomach can be represented dia- 





Fig. 359. Lymphatics of the stomach. (A) The arrows indicate the lymph drainage. (B) Diagram of 
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grammatically in the following way: the stom- 
ach is divided by an imaginary line in its long 
axis, two thirds being to the right of this line 
and one third to the left. A line is now con- 
structed dividing the left third into two at the 
junction of its upper third and the lower two 
thirds. In this way 3 areas of lymph drainage 
are marked out. Area 1 represents that part 
of the stomach which drains into the superior 
gastric glands; Area 2 drains into the inferior 
gastric; and Area 3 drains via the pancreatico- 
lienal glands. The celiac group empties into 
the receptaculum chyli after receiving lymph 
from all these areas. 


Nerves. The stomach is innervated by both 
the parasympathetic and the sympathetic ner- 
vous systems (Fig. 360). 

The parasympathetic nerve supply is de- 
rived from the vagus nerves which originate 
in the medulla, descend in the carotid sheath 
and into the thorax. On the posterior surface 
of the root of each lung each vagus aids in 
the formation of the so-called posterior pulmo- 
nary plexus, and from these, branches con- 
tinue to the esophagus and the stomach. The 
nerves then pass through the esophageal ori- 
fice of the diaphragm and reach the respective 
surfaces of the stomach, where the right vagus 
is known as the posterior gastric nerve and 
the left vagus as the anterior; they pass along 
the lesser curvature of the stomach. 

Much recent work has been done on the 
anatomy and the distribution of the vagi. 
Probably our most reliable information comes 
from E. Perman, who, in 1935, performed a 
series of painstaking and accurate dissections 
dealing with this subject. His conclusions are 
interesting, instructive and apparently accu- 
rate. He concludes that both vagi reach the 
stomach through the lesser omentum and that 
they divide into branches without the forma- 
tion of a plexus of intertwining fibers. He 
states that anastomoses exist between the vari- 
ous branches, but that they do not lose their 
individuality as would be the case in a nerve 
plexus. 

The left vagus nerve sends branches to the 
liver and to the anterior wall of the stomach. 
Those branches traveling to the liver turn to 
the right, pass through the lesser omentum 
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and to the porta hepatis. The gastric branches 
divide into several smaller nerves which 
spread over the anterior wall and can be fol- 
lowed to the greater curvature. 

The right vagus nerve is arranged in a simi- 
lar manner: one part goes to the celiac plexus 
and the remainder supplies the posterior wall 
of the stomach. Perman was unable to follow 
branches of either the left or the right vagus 
into the greater omentum. 

Recently, papers have appeared dealing 
with the subject of the nerve supply to the 
stomach, but they too are quite contradictory. 
Bradley, Small, Wilson and Walters examined 
111 cadavers; they concluded that there was 
a great variation in nerve pattern from the 
cardiopulmonary plexus to the stomach, but 
the nerves were very constant in course and 
distribution after reaching the stomach. They 
divided the nerve patterns into 4 groups. 
Miller and Davis studied the vagus nerves be- 
low the level of the pulmonary plexus in 13 
cadavers. They state that in only 3 instances 
were the nerve arrangements comparable 
with those described in the textbooks as “nor- 
mal,” the remaining 10 cadavers showed 
marked variations. 

The sympathetic nerve supply to the stom- 
ach is derived from the celiac (solar) plexus. 
This consists of a network of intercommuni- 
cating nerve fibers and 2 relatively large flat 
ganglia, the celiac ganglia. The plexus lies in 
front of the upper part of the abdominal por- 
tion of the aorta around the celiac artery. The 
right and the left celiac ganglia lie on corre- 
sponding crura of the diaphragm, the right 
being situated behind the inferior vena cava. 
The fibers to the plexus reach it from the 
greater and the lesser splanchnic nerves. The 
greater splanchnic nerve on either side arises 
from the right sympathetic chain between the 
5th and the 10th thoracic ganglia. The lesser 
splanchnic nerve also arises from the sympa- 
thetic chain in the region of the 9th and the 
10th thoracic ganglia. The greater splanchnic 
nerve usually terminates in the upper end of 
the ganglion; the lesser splanchnic reaches the 
lower end. 

The celiac plexus supplies nerves which 
travel along the branches of the celiac artery; 
these fibers continue along the subdivisions 
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Fig. 360. Nerve supply to the stomach. 


of the 3 vessels and terminate in the stomach 
wall. In the gastric wall, a plexus is situated 
between the muscle layers (myenteric plexus) 
and another in the submucosa (submucous 
plexus). They contain both sympathetic and 
parasympathetic fibers, and from them termi- 
nal nerve fibers are supplied to the muscula- 
ture and the glands of the stomach. 


The stomach has 4 coats: serous, muscular, 
submucous and mucous. The serous coat is an 
investment of peritoneum which completely 
covers the anterior and the posterior surfaces 
of the stomach; the only uncovered parts are 
the greater and the lesser curvatures and a 
small area to the left of the cardia which is 
in direct contact with the diaphragm. The 
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muscular coat consists of 3 layers of involun- 
tary muscle: an outer longitudinal, a middle 
circular and an incomplete inner oblique. The 
longitudinal muscle is continuous with that 
of the esophagus; the circular layer becomes 
thickest in the region of the pylorus and forms 
the pyloric sphincter. In infants, excessive 
thickening of this circular layer at the pylorus 
may give rise to the condition known as con- 
genital pyloric stenosis. The submucosa con- 
sists of an abundant, loosely arranged connec- 
tive tissue layer which contains vessels of con- 
siderable size. The toughness of this layer 
explains its ability to hold sutures. The mucosa 














Fig. 361. Attachments of the stomach (omenta). 
(A) The early development of the greater omentum 
from the primitive dorsal mesogastrium. (B) Later 
development, showing beginning fusion of dorsal 
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is freely movable upon its underlying lax sub- 
mucosa and, in the undistended state, pre- 
sents numerous folds giving it a rugose appear- 
ance. These folds are arranged chiefly in longi- 
tudinal directions. 


Attachments of the Stomach (Omenta) 


Peritoneal folds attach the stomach to the 
liver, the transverse colon, the spleen, the bili- 
ary ducts, the pancreas and the diaphragm. 
These folds are indicated by such names as 
omenta or gastric ligaments (Fig. 361). 
Omenta are defined as compound peritoneal 
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folds which pass from the stomach to other 
intra-abdominal organs. These attachments 
are found only along the curvatures of the 
stomach. The 2 gastric surfaces—the anterior 
belonging to the general peritoneal cavity and 
the posterior belonging to the lesser cavity 
(omental bursa)—are free and unattached. All 
omenta and gastric ligaments of the adult 
stomach originate from the midline mesenter- 
ies of embryonic life, and the only way to gain 
a clear picture of these connections is through 
a visualization of the succeeding steps in gas- 
tric development. 

The lesser omentum is a wide fold of perito- 
neum which is hidden by the left lobe of the 
liver. It is attached to the first inch of duode- 
num, the lesser curvature of the stomach, the 
diaphragm for % inch between the esophagus 
and the upper end of the fissure for the liga- 
mentum venosum, the bottom of that fissure 
and to the lips and the right end of the porta 
hepatis. Its right border is a free edge at which 
the 2 layers are continuous with each other 
(Fig. 357 A). It forms the anterior boundary 
of the opening (foramen of Winslow) into the 
lesser sac which separates it from the inferior 
vena cava. Between its layers and at its right 
border are the common duct, the portal vein 
and the hepatic artery; the right and the left 
gastric arteries are found along the lesser cur- 
vature. 

The greater omentum is formed by the elon- 
gation of the primitive dorsal mesogastrium 
which does not cease growing with the com- 
pletion of gastric rotation but continues until 
a broad sheet of peritoneum (floor of omental 
bursa) hangs down from the greater curvature 
of the stomach, ventral to the coils of small 
intestine (Fig. 361 A). After passing downward 
and being reflected upward, it again reaches 
the dorsal wall of the abdomen at a point 
slightly above the line of attachment of the 
transverse mesocolon. It is thereby brought 
into contact with the upper layer of the 
transverse mesocolon, with which it ulti- 
mately fuses (Fig. 361 B). This brings the floor 
of the omental burst into union with the trans- 
verse mesocolon. The dorsal mesogastrium 
and the transverse mesocolon fuse to form a 
common supporting membrane; the layers 
composing the dependent part of the bursa 
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fuse with each other to obliterate the distal 
part of the lumen of the bursa. Fat is laid down 
in this omental apron which provides an insu- 
lating layer for the protection of the abdomi- 
nal viscera. 

The reflections of the gastric and the omen- 
tal surfaces of the peritoneum as encountered 
by the surgeon can be traced easily both with 
regard to the greater and the lesser peritoneal 
cavities (Fig. 361 C). Beginning at the porta 
hepatis, a peritoneal surface extends down- 
ward as the anterior leaf of the gastrohepatic 
(lesser) omentum, passes over the ventral sur- 
face of the stomach and then downward as 
the anterior leaf of greater omentum; it then 
turns back and upward as the posterior leaf 
of the greater omentum until the transverse 
colon is reached. 

Starting at the porta hepatis again, another 
peritoneal surface, the dorsal leaf of lesser 
omentum passes downward, covers the dorsal 
gastric wall and continues downward from the 
greater curvature of the stomach; it turns back 
and upward to the transverse colon as the in- 
nermost leaf of the greater omentum. It then 
passes over the anterior and upper walls of 
the transverse colon and backward to the pos- 
terior parietes as the uppermost layer of the 
transverse mesocolon. When illustrations of 
the ascending double layer are studied in the 
adult, the 2 layers seem to diverge and enclose 
the transverse colon and continue as the meso- 
colon. However, this is a wrong impression, 
since the ascending double layer in the fetus 
passes up in front of the transverse colon to 
the posterior wall and to the lower border 
of the pancreas. On gaining the latter, the 
anterior or inner serous layer of ascending 
omentum passes in front of the pancreas as 
the posterior wall of the omental bursa and 
then continues over the undersurface of the 
liver to its starting point. The outer or poste- 
rior serous layer of ascending omentum passes 
behind the pancreas to reach the body wall; 
it is reflected from this to become continuous 
with the upper layer of the transverse mesoco- 
lon. The original fetal relations become the 
surgeon's cleavage planes, which detach the 
greater omentum from the transverse colon 
and its mesentery. 

These peritoneal reflections are related to 
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the wall of the omental bursa in the following 
way: the pouch extends behind and below the 
liver and the stomach, above the transverse 
mesocolon, within the greater omentum 
(when not fused) and behind the lesser omen- 
tum. 


Surgical Considerations 


Gastrojejunostomy 


Gastrojejunostomy is indicated in the patient 
who has a pyloric obstruction and low gastric 
acidity. It is used also as a palliative measure 
to provide relief for an obstructed pylorus (in- 
operable carcinoma) or as a preliminary pro- 
cedure for future surgery. The operation may 
be done anterior or posterior to the transverse 
colon. 

A posterior gastrojejunostomy (Fig. 362) is 
accomplished by passing the posterior wall of 
the stomach through a rent in the transverse 
mesocolon and performing an anastomosis be- 
tween the stomach and a proximal loop of jeju- 
num. The gastric site for the stoma should be 
placed at the most available and dependent 
part near the greater curvature and in line 
with the esophagus. The details and the struc- 
tural orientation may be found in the descrip- 
tion of gastric resection which follows. Follow- 
ing the anastomosis, the rent in the transverse 
mesocolon is sutured to the posterior wall of 
the stomach to prevent internal herniation. 

An anterior gastrojejunostomy (Fig. 363) is 
preferred by many surgeons; it is technically 
simpler than a posterior gastrojejunostomy, 
does not endanger the middle colic artery and 
does away with many of the hazards if reoper- 
ation becomes necessary. The anastomosis is 
placed on the anterior surface of the stomach 
and anterior to the transverse colon. In an 
anterior gastrojejunostomy it is preferable to 
suture the greater curvature to the proximal 
end of the jejunum. 


Gastrectomy 


Subtotal gastrectomy is done for carcinoma 
of the stomach and for peptic ulcer. It is diff- 
cult to standardize such a procedure, since 
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every clinic has a technic of its own; however, 
a standardized subtotal gastrectomy utilizing 
an end-to-side antecolic anastomosis will be 
described here (Figs. 364 and 365). Many 
men’s names and modifications are associated 
with gastric operations, but space does not 
permit a review of such procedures; these can 
be found in any standard surgical text. 

The incision is usually one of the upper rec- 
tus incisions, either placed to the right or the 
left of the midline, depending on the sur- 
geon’s preference and the site of the lesion. 
Operability must be determined first. This can 
be done by opening the hepatogastric part 
of the lesser omentum and placing a finger 
into the lesser peritoneal cavity. The index 
finger of the left hand serves admirably for 
this purpose; it makes its exit through an avas- 
cular point in the gastrocolic part of the 
greater omentum. A strip of gauze replaces 
the finger and is used for traction. This too 
greatly simplifies exposure of the duodenum 
and also protects the transverse mesocolon 
with its middle colic artery which will lie be- 
hind the gauze traction tape. Mobilization of 
the greater curvature is accomplished next; 
it extends to the “avascular triangle” (p. 452) 
on the left, and an inch distal to the pylorus 
on the right. After freeing the greater curva- 
ture of its vascular attachments and ligating 
the left and the right gastroepiploic arteries, 
the lesser curvature is mobilized. 

Mobilization of the lesser curvature already 
has been partially accomplished by the open- 
ing made in the hepatogastric part of the 
lesser omentum; this is continued by cutting 
and ligating the right gastric artery. After mo- 
bilization of the curvatures, upward traction 
is maintained on the gauze tape so that the 
stomach may be separated from its attach- 
ments posteriorly to the pancreas (pancreati- 
cogastric folds). In patients who have an ad- 
herent ulcer which is situated in the 
duodenum, it is safer to expose and thus pro- 
tect the common duct. 

Division of the duodenum is accomplished 
next; the distal end is closed. Ligation of the 
left gastric artery is simpler and safer after 
the stomach has been severed from its duode- 
nal attachment. Then the stomach can be re- 
tracted to the patient’s left side; this enables 
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Fig. 362. Posterior gastrojejunostomy. (A) An inci- 
sion has been made in the transverse mesocolon 
to the left of the middle colic artery. (B) The poste- 
rior wall of the stomach is delivered through the 
rent in the mesocolon. (C) The lesser curvature is 
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approximated to the proximal jejunum and the 
greater curvature to the distal end of the jejunal 
loop. (D) The anastomosis. (E) The stomach is su- 
tured to the mesocolon. (F) The completed anasto- 
mosis. 
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Fig. 363. Anterior gastrojejunostomy with entero- 
anastomosis. 


the surgeon to visualize the left gastric artery 
as it approaches the lesser curvature posteri- 
orly. 

Location of the ligament of Treitz is accom- 
plished by making upward traction on the 
transverse colon, thus stretching its mesoco- 
lon; the duodenojejunal angle and the liga- 
ment of Treitz will be found immediately to 
the left of the midline. To perform the ante- 
colic operation, a long jejunal loop is required; 
this usually measures from 10 to 12 inches 
from Treitz’s ligament. The jejunal loop is ap- 
proximated to the posterior wall of the stom- 
ach near the line of resection. An anastomosis 
is performed which places the greater curva- 
ture of the stomach to the proximal end of 
jejunum and the lesser curvature to the proxi- 
mal end of the jejunal loop. 


Transabdominal Vagus Nerve Section 
(Vagotomy) (Fig. 367) 


Types of Vagotomy. For the treatment of 
peptic ulcer, there are 3 methods currently 
in vogue: truncal vagotomy, selective gastric 
vagotomy and parietal cell vagotomy. 
Truncal vagotomy interrupts the parasym- 
pathetic nerve supply to the gastrointestinal 
tract from the cardioesophageal junction to 
the midtransverse colon. In addition it dener- 
vates the gall bladder, pancreas and liver. 
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Some surgeons object to such extensive dener- 
vation. This procedure is illustrated in Figure 
366. 

Selective gastric vagotomy denervates the 
entire stomach; however, the parasympa- 
thetic supply to all extragastric organs is left 
intact. In this procedure, the anterior and pos- 
terior gastric nerves of Laterjet are divided 
(Fig. 366). 

Parietal cell vagotomy interrupts only the 
vagal branches to the proximal stomach and 
does not cause derangement of gastric empty- 
ing; the antral innervation remains intact (Fig. 
366). 

The abdominal approach to the gastric 
nerves (vagi) allows exploration of the abdomi- 
nal contents and the lesion; it also facilitates 
the performance of a gastro-enterostomy if 
pyloric obstruction is present or is likely to 
occur. 

A long incision is necessary for proper expo- 
sure. A left muscle-splitting rectus incision 
which commences in the angle between the 
xiphoid and the left costal cartilage and ex- 
tends 1 or 2 inches below the umbilicus is 
utilized. The peritoneal cavity is entered, and 
the left triangular ligament of the liver is ex- 
posed. This bloodless fold is severed, and it 
then becomes possible to retract the left lobe 
of the liver to the right. The peritoneum cov- 
ering the lower end of the esophagus is in- 
cised, the posterior mediastinum is entered, 
and the lower 3 or 4 inches of the esophagus 
are mobilized and exposed. The vagus nerves 
are identified by palpation; they feel like taut 
cords which can be differentiated readily from 
the more yielding muscle of the esophagus. 
The left (anterior) vagus has a tendency to 
hug the esophagus, but the right (posterior) 
vagus travels a slight distance away from it. 
By finger dissection the fibers are assembled 
into 2 main trunks comprising the right and 
the left vagi; these are ligated and divided. 
The position of the right and the left trunks 
below the esophageal hiatus is found to be 
remarkably constant; however, many times 
these nerves are numerous and communicat- 
ing, and their distribution does not follow a 
uniform pattern. At the conclusion of the op- 
eration, the left lobe of the liver is permitted 
to fall into place; it has been found unneces- 
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Fig. 364. Subtotal gastrectomy. (A) right upper rec- the gastroduodenal and the left gastroepiploic ar- 
tus incision; (B) the lesser and the greater curva- teries have been ligated; (C) closure of the duodenal 
tures have been mobilized, and the right gastric, stump; (D) isolation of the left gastric artery. 
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Fig. 365. Subtotal gastrectomy (Continued). (E) lo- 
cating the ligament of Treitz and the duodenojeju- 
nal junction; (F) the jejunum has been brought over 
the front of the transverse colon and approximated 
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to the posterior wall of the stomach; (G) the anasto- 
mosis; (H) the completed antecolic, end-to-side gas- 
trojejunostomy following resection of the involved 
stomach. 
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Fig. 366. Types of vagotomy. 


sary to resuture the severed left triangular 
ligament. 


Carcinoma of the Lower Third of the 
Esophagus and the Cardiac End of the 
Stomach (Fig. 368) 


Most lesions involving the lower part of the 
esophagus and the cardiac end of the stomach 
can be removed through a combined thoraco- 
abdominal approach. The incision affords an 
excellent exposure of the upper abdomen and 
the thoracic cavity, thus enabling more exten- 
sive resections. Humphreys, Garlock, Adams 
and Phemister, Marshall, Churchill and 
Sweet—all have applied some form of this ap- 
proach for such lesions. 

A left upper rectus incision is made; this 
extends from or below the umbilicus to the 
left costal arch. The peritoneal cavity is en- 
tered, and a thorough exploration is carried 
out to determine the extent of the growth, 
fixation to vital structures and the presence 
or the absence of metastases (liver, peripan- 
creatic, pelvic and diaphragmatic). Should the 


tumor prove to be operable, the incision is 
extended over the costal arch and then up- 
ward and outward into the 7th intercostal in- 
terspace. The costal arch is divided, and the 
pleural cavity is entered. The intercostal mus- 
cles and the pleura are incised well past the 
inferior angle of the scapula, and the left leaf 
of the diaphragm is severed. The diaphragm 
is divided radially from the esophageal hiatus 
to its peripheral attachment. Large phrenic 
vessels are encountered; these should be prop- 
erly isolated, divided and tied. The inferior 
pulmonary ligament is severed; this exposes 
an esophageal triangle which is bounded in 
front by the heart, behind by the descending 
aorta and below by the diaphragm (Fig. 368 
B). In this triangle the esophagus can be iden- 
tified easily. The technic for the resection and 
the anastomosis is essentially the same as that 
described under lesions of the midthoracic 
esophagus (Fig. 247). The diaphragm is re- 
paired, and the now somewhat enlarged 
esophageal hiatus is sutured to the stomach. 
The pleura, the intercostal muscles and the 
overlying soft tissues are approximated, and 
the abdominal incision is closed in layers. 
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Fig. 367. Transabdominal vagus nerve section (va- 
gotomy). (A) The incision commences in the angle 
between the xiphoid process and the left costal arch 
and ends an inch below the umbilicus. (B) The left 
triangular ligament is exposed and made taut by 


Closure of a Perforated Peptic Ulcer 
(Fig. 369) 


Most perforations of a peptic ulcer occur at 
the so-called “dollar-area.” This circular area, 
about the size of a silver dollar, is bisected 
by the pylorus. Normally, the right lobe of 
the liver covers this region and attempts to 
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gently pulling the left lobe of the liver to the right. 
It is severed. (C) The left lobe of the liver is re- 
tracted to the right, and the peritoneum covering 
the lower end of the esophagus is incised. (D) The 
esophagus is delivered, and the vagi are cut. 


seal the perforation. Therefore, to locate most 
perforated peptic ulcers, the right lobe of the 
liver should be retracted upward, and the 
stomach should be pulled gently in a down- 
ward direction and to the left (Fig. 369 B). 
If the perforation is not found with this ma- 
neuver, then the lesser and the greater curva- 
tures should be examined; still failing to find 
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Fig. 368. Surgical treatment for carcinoma of the 
lower third of the esophagus and the cardiac end 
of the stomach: (A) the incision; (B) the esophageal 
triangle is bounded in front by the heart, behind 
by the descending aorta and below by the dia- 
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phragm; (C) the lower end of the esophagus and 
the upper end of the stomach are mobilized and 
removed; (D) anastomosis and repair of the dia- 
phragm; (E) closure. 
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Fig. 369. Perforated peptic ulcer. (A) The “dollar-area” where most perforated peptic ulcers are found. 


(B) Locating and repairing a perforated peptic ulcer. 


the ulcer, the gastrocolic ligament must be 
severed and the posterior wall of the stomach 
inspected. Many methods of repair have been 
advocated; these vary from a simple graft of 
omentum placed over the perforation to exci- 
sion and closure. 


Small Intestine 


The small intestine (duodenum, jejunum and 
ileum) has an average length of 22 feet, the 
extremes being 30 and 15 feet. It has been 
stated that the longer lengths are found at 
post mortem. The division into jejunum and 
ileum is arbitrary, since there is no one point 
at which it may be said that the jejunum ends 
and the ileum begins. The lumen of the small 
intestine is widest in the duodenum and nar- 
rowest near the ileocecal valve; for this reason 
a foreign body tends to become impacted in 


the region of the latter. The upper jejunum 
may be differentiated from the lower ileum 
by the fact that the number of arterial arcades 
and the amount of fat in the mesentery in- 
creases distally. Clear spaces (lunettes) be- 
tween the vessels approaching the bowel are 
present in the more proximal part of small 
bowel but are absent in the distal portion. The 
jejunoileum fills the space below the trans- 
verse colon and the mesocolon and more or 
less overlies the ascending and the descending 
colons; it rests on the iliac fossae and is related 
to the pelvic viscera. The great omentum 
hangs down from the transverse colon and, 
depending on its degree of development, sep- 
arates the intestines from the anterior abdom- 
inal wall. No small intestines occupy the fetal 
pelvis, but in the adult pelvis the amount de- 
pends on the state of distention of the bladder 
and the rectum and upon the position of the 
pelvic colon. 
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Duodenum 


Embryology. The early development of the 
duodenum (Figs. 370, 371 and 372) has been 
described on p. 438. The rotation of the intes- 
tines to their ultimate abdominal positions is 
produced by drawing the initial colic segment 
to the right so that the duodenojejunal junc- 
tion and the small intestines lie toward the 
left (Fig. 370). This places the duodenojejunal 
angle against the mesentery of the terminal 
intestine, with which it fuses. The degree of 
fusion accounts for the fossae and the perito- 
neal folds which are found in this region. 
These fossae and folds are of surgical interest, 
since deficient fixation of the angle increases 
the depth and the capacity of the fossae, and 
loops of intestines may herniate into them and 
become strangulated. Hyperfixation of the 
duodenojejunal angle may fix the duodenum 
so firmly that it becomes kinked and does not 
empty properly. The descending duodenum 
and part of the transverse duodenum fuse 
with the primitive right parietal peritoneum. 
The remainder of the transverse duodenum 
and the ascending duodenum fuse with the 
descending mesocolon, and the duodenojeju- 
nal angle fuses with the transverse mesocolon. 
The superior part of the ascending mesocolon 
forms a fusion fascia with the anterior part 
of the mesoduodenum (p. 438). Proper cleav- 
age planes can be found easily, and surgical 
mobilization can be accomplished readily if 
these embryologic details are kept in mind. 


Adult Duodenum. The duodenum (Fig. 373) 
receives its name because at first it was 
thought to be 12 inches long; in reality, it is 
closer to 10 or 11 inches in length. Not only 
is it the first and shortest part of the small 
bowel, but also it is the lightest, thickest and 
most fixed of the 3 parts. It extends from the 
pylorus to the duodenojejunal, making a C- 
shaped curve; the concavity of the curve is 
directed upward and to the left and is occu- 
pied by the head of the pancreas. The duode- 
num may be traced upward, backward and 
to the right, then downward until it is crossed 
by the transverse colon. The portion which 
comprises the entire lst and upper half of the 
2nd part lies in the supracolic compartment. 
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To visualize further the duodenum it is nec- 
essary to turn the greater omentum upward 
and displace the coils of jejunum and ileum 
downward and to the left. Then the duode- 
num can be traced downward and horizon- 
tally to the left on the upper part of the poste- 
rior wall of the right infracolic compartment. 
It disappears behind the root of the mesen- 
tery; this portion is difficult to demonstrate 
because it lies behind the peritoneum of the 
posterior abdominal wall. Anteriorly, it is re- 
lated to coils of the small intestine which sepa- 
rate it from the transverse mesocolon. To its 
right side the lower pole of the right kidney 
is found. 

The rest of the duodenum lies in the left 
infracolic compartment, and to visualize it the 
coils of jejunoileum must be drawn upward 
and to the right. This portion is identified eas- 
ily and can be traced upward, close to the 
root of the mesentery and to the duodenojeju- 
nal flexure. Here it bends forward and down- 
ward and becomes continuous with the jeju- 
num. The flexure usually lies to the left and 
on a level with the 2nd lumbar vertebra. 
Therefore, the duodenum is found in the su- 
pracolic and both infracolic compartments. 

The “C” which the duodenum forms is cov- 
ered anteriorly and on its convexity by perito- 
neum except where the transverse colon 
crosses the second part and holds the perito- 
neum away. The posterior surface and concav- 
ity of the “C” are devoid of peritoneum. Ap- 
proximately the lst inch of the lst part is 
almost entirely covered by peritoneum. In the 
region where the bile duct enters the second 
part of the duodenum, diverticula, devoid of 
a peritoneal covering, may occur. This is of 
surgical importance, since the removal of such 
a diverticulum is associated with the risk of 
peritonitis because of infection in the retro- 
peritoneal tissues. Because of the C-shaped 
curve which it makes, its beginning and end 
are close together. It lies on the posterior wall 
of the abdomen above the level of the umbili- 
cus and is almost entirely in the right half of 
the abdomen. 

For convenience of description the duode- 
num is divided into the following 4 parts: 

l. Superior part—about 2 inches long 
2. Descending part—about 3 inches long 
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Fig. 370. Embryology. (A) Rotation of the umbili- 
cal loop has been completed, and the ascending 
and the transverse colon segments have been 
formed. The right portion of the transverse meso- 
colon is the upper limit of fusion between the as- 
cending mesocolon and the right primitive parietal 
peritoneum; the left portion of the transverse 
mesocolon is the upward limit of fusion between 
the descending mesocolon and the left primitive 
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parietal peritoneum. The duodenojejunal angle is 
to the left of the midline and rests against the mes- 
entery of the transverse colon. (B) The descending 
duodenum and part of the transverse duodenum 
fuse with the right parietal peritoneum; the re- 
mainder of the transverse duodenum and the as- 
cending duodenum fuse with the descending 
mesocolon. (C) Final stage, following posterior peri- 
toneal fixation and fusion. 
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Fig. 371. Embryology. (A) Early stage of development before fusion has taken place. (B) After fusion 
of the ascending mesocolon with mesoduodenum;; posterior fixation of the colon is also shown. 


3. Horizontal part—about 4 inches long 
4. Ascending part—about 1 inch long 

The Zst (superior) part begins at the pylorus 
on a level with the body of the lst lumbar 
vertebra and passes backward, upward and 
to the right. Here it is in close relation with 
the liver; it ends at the neck of the gallbladder 
by bending sharply to become the 2nd part. 
After death, this area usually is stained green 
by bile that leaks through the walls of the gall- 
bladder. Since its lst inch is covered on the 
front and the back with peritoneum, it is con- 
nected with the omenta both above and be- 
low. The lesser omentum passes from its supe- 


rior border to the liver, and the greater 
omentum hangs from its lower border. Poste- 
riorly, it is separated from the neck of the 
pancreas by the lesser peritoneal sac; anteri- 
orly, it is related to the quadrate lobe of the 
liver. The Ist inch of part one of the duode- 
num can be moved with the stomach. The 
2nd inch is covered with peritoneum only 
above and in front where it is related to the 
liver and the neck of the gallbladder; posteri- 
orly, it is directly related to the gastroduode- 
nal artery, the bile ducts, the portal vein and 
part of the neck of the pancreas (Fig. 375). 
Inferiorly, it is related directly to the head 
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Fig. 372. Embryology of the duodenum. (A) Cross 
section through the duodenum and the meso- 
duodenum before rotation of the gastroduodenal 
segment. The arrow presents the direction of rota- 
tion against the right primitive parietal perito- 


of the pancreas. The portal vein and the com- 
mon duct separate it posteriorly from the infe- 
rior vena cava (Fig. 373). Since this part of 
the duodenum takes a backward rather than 
a sideward course, the structures related to 
it lie medial rather than behind it. The inti- 
mate relation between the first part of the 
duodenum and the gallbladder explains the 
adhesions which exist between them when ei- 
ther is diseased, and also explains the sponta- 
neous passage of gallstones into the duodenum 
(autocholecystoduodenostomy). The term 
“duodenal bulb” applies to the lst inch of 
duodenum. 

The second (descending) part passes verti- 


to 9 pr imit ive right parietal peritoneum 


-Duodenum 
‘Pancreas 


neum. (B) The same as “A,” after fusion has taken 
place. The surgical cleavage plane for'mobilization 
of the duodenum and the head of the pancreas is 
indicated. 


cally downward in front of the hilum and the 
adjoining part of the anterior surface of the 
right kidney. It descends to the level of the 
3rd lumbar vertebra, bends sharply to the left 
and becomes the 2nd part. Part two of the 
duodenum is crossed by the transverse colon; 
the colon at this point may or may not have 
a mesentery. Only parts of the anterior surface 
above and below the transverse colon are cov- 
ered by peritoneum (Fig. 373 B). 

Above the attachment of the transverse co- 
lon, the descending duodenum lies in the 
supramesocolic compartment; below this at- 
tachment, it lies in the inframesocolic 
compartment where it is related to the as- 
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Fig. 373. The duodenum. (A) The relations of Parts 1 and 2 of the duodenum. (B) The 4 parts of the 
duodenum are shown, and the peritoneal relations of each are presented. 


cending colon. Above the transverse colon it 
is related to the ascending colon, and anteri- 
orly it is related to the gallbladder and the 
right lobe of the liver. 

Below the transverse colon it is related ante- 
riorly to the jejunum; the head of the pancreas 
lies to its medial side, and the ascending colon, 
the hepatic flexure and the right lobe of the 
liver to its lateral side, in that order from be- 
low upward. Posteriorly, it rests on the psoas 


major muscle, being partly separated from it 
by the renal vessels and the ureter. The bile 
duct and the pancreatic ducts enter this part 
on the posteromedial surface a little below 
its middle (Fig. 444). The accessory pancreatic 
duct opens about % inch above (cephalad) the 
openings of the common bile and the main 
pancreatic ducts. Because of its peritoneal at- 
tachments, this part of the duodenum is quite 
firmly fixed in its position. 
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The 3rd (horizontal) part of the duodenum 
is about 4 inches long and passes horizontally 
and to the left. Since it is crossed by the root 
of the mesentery, it is found in the right and 
the left infracolic compartments. From right 
to left it crosses in front of the right psoas 
muscle, the ureter, the inferior vena cava and 
the abdominal aorta; it ends to the left side 
of the body of the 3rd lumbar vertebra. Its 
upper border is related to the head of the 
pancreas, and its lower border to the jejunum. 
Anteriorly, it is crossed about its middle by 
the superior mesenteric vessels as they pass 
to the root of the mesentery. Therefore, it 
crosses through a vascular angle which is 
formed by the superior mesenteric vessels in 
front and the aorta behind. The superior mes- 
enteric vessels may compress the duodenum 
so that a dilatation of the stomach or a duode- 
nal ileus may result. The peritoneum covers 
it anteriorly except where the root of the mes- 
entery crosses it (Fig. 373 B). To the right of 
the mesentery it is covered by loops of jeju- 
num which separate it from the transverse 
colon. It finally bends upward to become the 
4th part. 

The 4th (ascending) part is a little more 
than 1 inch long and represents the shortest 
part of the duodenum. It turns upward along 
the left side of the aorta on the left psoas mus- 
cle and ends about 1l inch to the left of the 
median plane at the level of the 2nd lumbar 
vertebra. At this point it bends sharply for- 
ward to form the duodenojejunal flexure; here 
it becomes continuous with the jejunum. An- 
teriorly, it is related to the root of the mesen- 
tery and the coils of the jejunum; posteriorly, 
to the medial border of the left psoas muscle, 
the left renal and the spermatic (ovarian) ves- 
sels; on its right, to the vertebral column and 
on its left side to the proximal coils of jejunum. 
This part of the duodenum sometimes over- 
laps the pelvis of the left kidney. Internally, 
it lies along the aorta and is adherent to the 
pancreas; externally, it is found on the inner 
side of the left kidney. 

A vascular arch is found in the space which 
separates the duodenum from the kidney; it 
has been called the vascular arch of Treitz. 
This arch is formed by the left colic artery 
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and the inferior mesenteric vein as they as- 
cend together near the left border of the 
duodenum to the root of the transverse meso- 
colon. 

The duodenojejunal flexure, although usu- 
ally retroperitoneal, may penetrate into the 
root of the transverse mesocolon (Fig. 374). 
It usually lies to the left of the disk between 
the lst and the 2nd lumbar vertebrae but may 
approach the midline or begin at the middle 
of the 2nd or even the 3rd lumbar vertebra. 










Vena T. PIS. 
cava {| 119.0r 
Portal v4 I treitz 
Abdom. - AXA W Duodeno- 
aorta ÆA AW jejunal 
| flexure 


‘Transv. 
meso- 
colon 


\ K Lig. of 

i [reitz 

t Duodeno- 
rejunal 
riexure 


Fig. 374. The ligament of Treitz. (A) The short type 
of ligament which pulls the duodenojejunal flexure 
above the transverse mesocolon and results in a 
“U”-shaped duodenum. (B) The long type of liga- 
ment which allows the duodenojejunal flexure to 
lie below the transverse mesocolon and results in 
a “C”-shaped duodenum. 
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Its relation to the transverse mesocolon de- 
pends on the length of the ligament of Treitz 
(Fig. 374). Posteriorly, it is in relation to the 
lumbar portion of the diaphragm; above, it 
is related to the inferior border of the pan- 
creas, and it is embraced by the concavity of 
the arch formed by the inferior mesenteric 
vein before it terminates below and behind 
the pancreas (Figs. 373 B, 376 A and B). 

The flexure is related to the internal border 
of the left kidney on its left and, anteriorly, 
to the posterior wall of the stomach, from 
which it is separated by the transverse meso- 
colon. It is overlapped somewhat by the pan- 
creas. The duodenojejunal flexure is fixed by 
the so-called muscle or ligament of Treitz. 

The suspensory ligament (muscle) of Treitz 
is a band of fibrous muscular tissue which ex- 
tends from the duodenojejunal angle and the 
ascending portion of the duodenum to the 
right pillar of the diaphragm. It is triangular 
in shape and originates from a broad base 
upon the superior border of the duodenojeju- 
nal angle. It passes upward behind the pan- 
creas and in front of the aorta. It is better 
developed in the more muscular individuals 
and fixes the duodenojejunal angle to the pos- 
terior abdominal wall. The length of the liga- 
ment of Treitz determines whether the 
duodenum will be “U”-shaped or “‘C’’-shaped 
(Fig. 374). If the ligament is long, the duode- 
nojejunal flexure lies below the transverse 
mesocolon, and the “C’-shaped duodenum 
results. If the ligament is short, the 
duodenojejunal flexure lies above the trans- 
verse mesocolon, and the “U”-shaped duode- 
num is found. 

The surgeon should be able to locate this 
ligament rapidly and in this way orient himself 
and “run” the intestinal tract (jejunoileum) 
in search of pathology; he is also able to select 
that segment of small bowel which he wishes 
to utilize in a gastrointestinal anastomosis. 

The ligament and the angle are found in 
the following way: the surgeon’s left hand 
grasps the greater omentum and the trans- 
verse colon, and, maintaining upward trac- 
tion on these structures, the transverse meso- 
colon is made taut. Then the right hand is 
placed on the lower surface of the stretched 
transverse mesocolon and follows it posteri- 
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orly to its attachment in the region of the first 
lumbar vertebra; the hand is placed to the 
left and immediately encounters the duode- 
nojejunal angle with the ligament of Treitz 
immediately above it. 


Arteries. Since the relationship of the duode- 
num to the head of the pancreas is so intimate, 
their blood supplies naturally overlap. Many 
vascular patterns and anomalies have been de- 
scribed; nevertheless the most constant vascu- 
lar patterns and those of greatest surgical sig- 
nificance are described herein. Pierson has 
made an accurate study of this region, and 
much of his material is of practical value. 

The gastroduodenal artery is a branch of 
the hepatic artery and arises dorsal and supe- 
rior to the pyloroduodenal junction (Fig. 375). 
It courses downward, medial to the common 
duct, and terminates at the lower border of 
the first part of the duodenum by dividing 
into the right gastroepiploic and the anterior 
superior pancreaticoduodenal arteries. 

The gastroduodenal artery gives off a poste- 
rior superior pancreaticoduodenal artery as 
it passes dorsally to the superior margin of 
the duodenum. 

The first part of the duodenum receives 2 
smaller branches, namely, the supraduodenal 
artery to the superior wall and the anterior 
surface, and the retroduodenal artery which 
arises about % inch above the bifurcation of 
the gastroduodenal and supplies the lower two 
thirds of the posterior wall; it sometimes ex- 
tends as far as the second part. 

The remainder of the Ist part of the duode- 
num is supplied by branches from the right 
gastroepiploic and the superior pancreatico- 
duodenal arteries. The superior anterior and 
posterior pancreaticoduodenal arteries anas- 
tomose with corresponding anterior and pos- 
terior inferior pancreaticoduodenal arteries 
from the superior mesenteric. In this way two 
arterial arcades are formed, one on the poste- 
rior surface of the head of the pancreas and 
the other on the anterior surface. They are 
called respectively, the posterior and the an- 
terior arcades of the pancreas. 

The 2 inferior pancreaticoduodenal arteries 
arise from a common trunk from the superior 
mesenteric called the common inferior pan- 
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Fig. 375. Arterial blood supply of the duodenum. 
(A) The formation of the anterior and the posterior 
arterial arcades is shown. The arrow and the hori- 
zontal line indicate the level at which the cross 


creaticoduodenal artery. From the 2 arterial 
arcades the duodenum receives anterior and 
posterior sets of vasa recta (Fig. 375 B). Sha- 
piro and Robillard have stressed the possible 
dangers (“blowouts” and leakage) which 
might result from injury and ligation of the 
vasa recta during a too radical mobilization 
of the duodenal stump from the pancreas in 
the course of a gastric resection. They further 
stress the futility of thorough ligation for the 
control of hemorrhage from a duodenal ulcer, 
stating that such a procedure is tantamount 
to complete devascularization of the duode- 
num and the head of the pancreas. 

The nerves are derived from the celiac and 
the superior mesenteric plexuses and follow 
the course of the arteries. 
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section shown as “B” was taken. (B) Cross section 
showing the intimate relation between the duode- 
num, the pancreas and the common ducts. Anterior 
and posterior vasa recta are shown. 


The lymphatics of the duodenum are 
closely related to those of the pancreas. There 
are anterior and posterior sets of glands which 
drain into the superior pancreatic and pan- 
creaticoduodenal lymph glands on the ante- 
rior and the posterior aspects of the groove 
between the duodenum and the pancreas. 
The efferent vessels from these glands pass 
in two directions: upward to the hepatic 
lymph glands and downward to the preaortic 
lymph glands around the superior mesenteric 
artery. There are also some communications 
with the lymphatics of the ascending colon 
and the appendix. 


Duodenal Fossae. There are 5 duodenal fos- 
sae which may be encountered (Fig. 376). 
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Fig. 376. The 5 duodenal fossae. (A) The para- 
duodenal fossa. Enlargement of this fossa must be 
made in a downward direction to avoid the inferior 
mesenteric vein. (B) The superior and the inferior 
duodenojejunal fossae formed by 2 peritoneal folds. 


1. The paraduodenal fossa lies to the left of 
the duodenojejunal flexure and opens to the 
right and upward. It occurs in about 20 per 
cent of people and rarely, if ever, exists with 
any other type of duodenal fossa. It is bounded 
on the right by the aorta, on the left by the 
kidney, above by the pancreas and the renal 
vessels and anteriorly by the inferior mesen- 
teric vein which runs in the anterior wall of 
the fossa. This anterior relationship is of surgi- 
cal importance, since a hernia into this fossa 
may press upon the inferior mesenteric vein 
and produce hemorrhoids. In case this fossa 
is the site of a strangulated hernia, its surgical 
enlargement should be brought about in a 
downward direction; in this way injury to the 
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(C) The inferior duodenal fossa extends behind the 
3rd part of the duodenum. (D) The mesentericopa- 
rietal fossa is located behind the Ist part of mesoje- 
junum. 


inferior mesenteric vein is avoided (Fig. 376 
A). 

2. The superior duodenojejunal fossa faces 
downward, is about 1 inch in depth and is 
in front of the 2nd lumbar vertebra. 

3. The inferior duodenojejunal fossa is di- 
rected upward and is in front of the 3rd lum- 
bar vertebra. The last 2 mentioned fossae are 
formed by 2 peritoneal folds which pass to 
the left from the terminal portion of the 
duodenum. The inferior mesenteric vein 
passes along their left extremities. 

4. The inferior duodenal fossa is rarely seen; 
if present, it extends behind the 3rd part of 
the duodenum. 

5. The mesentericoparietal fossa (Waldeyer) 
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is located behind the Ist part of the mesojeju- 
num; it lies immediately behind the superior 
mesenteric artery and below the duodenum. 
Its orifice faces to the left. In front, it is 
bounded by the superior mesenteric artery 
and behind, by the lumbar vertebrae. A swell- 
ing produced by a herniation of small bowel 
into it would occupy the right half of the ab- 
dominal cavity. The orifice of this fossa is so 
large that small gut may enter or leave it with- 
out causing symptoms or strangulation. The 
bowel can be withdrawn from this fossa with- 
out much difficulty. Should enlargement be- 
come necessary, the relationship of the supe- 
rior mesenteric vessels must be kept in mind, 
and the fossa should be incised only in a down- 
ward direction. 


Surgical Consideration. The Kocher maneu- 
ver mobilizes the duodenum in the following 
way. An incision is made in the posterior pari- 
etal peritoneum lateral to the descending por- 
tion of the duodenum. The fingers are placed 
behind the duodenum and the duodenum is 
reflected medially. This affords access to the 
head of the pancreas, the posterior aspect of 
the descending duodenum and its blood sup- 
ply (Fig. 456). 


The Jejunoileum 


The jejunum and the ileum together measure 
about 20 feet in length (Fig. 377). They com- 
prise the 2nd and the 3rd portions of the small 
intestine; they also make up about two fifths 
of the total length which is the jejunum, and 
three fifths the ileum. There is no sharp divid- 
ing line between these 2 parts of bowel; they 
differ from the duodenum in that they are 
not fixed but are suspended from the posterior 
wall by a fold of peritoneum, the mesentery 
(Fig. 377 B). The caliber of the lumen of the 
small bowel is not uniform but diminishes 
from above downward, being narrowest at its 
termination. This is of practical importance, 
since foreign bodies are usually stopped at this 
narrowest part, which consists of the last 6 
to 12 inches of ileum. The jejunoileum is com- 
pletely covered with peritoneum except along 
its line of attachment to the anterior border 
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of the posterior mensentery. To accommodate 
the great length of small intestine, the mesen- 
tery is thrown into extensive series of convolu- 
tions (Fig. 377 C). The posterior line of attach- 
ment of the mesentery begins around the 
descending aorta opposite the body of the 2nd 
lumbar vertebra, deviates obliquely to the 
right at an angle of about 45° and terminates 
in the region of the right sacroiliac joint. Since 
the coils of the small intestine are movable, 
their position is variable; the jejunum tends 
to be above and to the left, and the ileum 
below and to the right. The coils are hemmed 
in on the right, above and to the left by the 
colon, and are related posteriorly to the poste- 
rior abdominal wall and the retroperitoneal 
structures; also, they are in relation anteriorly 
to the anterior abdominal wall and the greater 
omentum, the latter as a rule being spread 
over them. The 2 parts of the small bowel 
which lie in the pelvis are: 

l. The terminal ileum (except the last 2 
inches) which is fixed in the right iliac fossa. 
2. The 5 feet of small gut which begin at a 
point 6 feet from the duodenojejunal flexure 
and continue to a point 11 feet from that flex- 
ure; this is due to the great length of the mes- 
entery to this part of bowel. These are the 
parts of the small bowel which are most likely 
to be affected in pelvic peritonitis and become 
adherent to pathologic adnexa; they are the 
most probable sites for small bowel intestinal 
obstructions. 

From the pylorus to the ileocecal valve the 
small intestine has a complete external muscu- 
lar coat of longitudinal fibers and an internal 
muscular coat of circular fibers. However, the 
mucous membrane differs in different parts 
of the gut. In the lst part of the duodenum, 
the inner lining is smooth, but the branched 
tubular duodenal glands are numerous, espe- 
cially near the pylorus. The plicae circulares 
are true infoldings of mucous membrane 
which are set at right angles to the long axis 
of the gut; they begin in the 2nd part of the 
duodenum and become closely packed below 
the duodenal papilla. They are equally close 
in the upper part of the jejunum, but toward 
its lower end they diminish. In the ileum they 
become more widely separated and finally in 
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Fig. 377. The jejunoileum. (A) The normally 
placed coils of jejunoileum: the jejunum is above 
and to the left, and the ileum is below and to the 


the terminal portion are entirely absent. 
These plicae increase the area of absorptive 
surface without increasing the length of the 
gut. Small collections of lymphoid tissue form 
tiny elevations in the mucous membrane. 
They are known as solitary lymphatic nodules; 
however, larger collections of lymphoid tissue 
constitute the aggregated lymphoid nodules 
(Peyer’s patches) which are most numerous 
toward the terminal portion of ileum, where 
they form elongated oval areas on the anti- 
mesenteric border of the bowel. They are ab- 
sent in the upper two thirds of the jejunum; 
they are marked best in younger individuals 
and tend to disappear as one grows older. 

Is it jejunum or ileum? This question may 


right. (B) The stretched root of mesentery. (C) The 
jejunoileum has been removed, and the convolu- 
tions of the mesentery are shown. 


be answered if a few differential anatomic 
points are observed. The upper part of the 
small intestine is thicker, and its diameter be- 
comes diminished from above downward. The 
blood vessels of the small bowel are larger 
proximally; therefore, they are only primary 
vascular loops which are associated with vasa 
recta some 3 to 5 cm. long (Fig. 378). Distally, 
secondary vascular loops or arcades are seen; 
these produce smaller windows, “lunettes,” 
and shorter vasa recta, the latter being ap- 
proximately 1 cm. in length. The more distally 
small bowel is observed, the greater is the 
amount of fat; proximally, it is quite easy to 
see through the windows formed by the vascu- 
lar loops, whereas the fat prevents these win- 
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Fig. 378. Localization of the jejunoileum. (A) 
About 3 feet from the duodenojejunal flexure, pri- 
mary loops with long vasa recta are shown. (B) 
About 7 feet from the duodenojejunal flexure, sec- 
ondary vascular loops are present with “lunette” 


dows from being transparent in the distal 
ileum. 


Mesentery. A fold of peritoneum which con- 
nects the intestines to the posterior abdominal 
wall and conveys vessels and nerves to and 
from it is called a mesentery. The mesentery 
proper connects the coils of jejunoileum to 
the posterior abdominal wall below the line 
of attachment of the transverse mesocolon. 
Its root or radix (parietal attachment) extends 
from the left side of the 2nd lumbar vertebra 
downward and to the right to the right sacro- 
iliac joint, a distance of about 6 inches. In its 
oblique course downward and to the right the 
root of the mesentery crosses in front of the 
3rd part of the duodenum, the abdominal 
aorta and the right psoas muscle (Fig. 379). 
Although the root of the mesentery measures 
only 6 inches in length, it accommodates 20 
feet of small bowel; this is accomplished by 
its folding and ruffling. The small intestine is 
so mobile and convoluted that the surgeon 
may explore many feet without being able to 
determine whether he is progressing toward 
the duodenum or toward the ileum. By the 


formation. (C) Ten to 12 feet from the duodenojeju- 
nal flexure, tertiary vascular loops are present, and 
increased mesenterial fat is seen. (D) In the termi- 
nal ileum the vascular arches and “lunettes” are 
obscured by fat. 
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Fig. 379. The root of the mesentery. In its oblique 
course downward the root of the mesentery crosses 
the 3rd part of the duodenum, the abdominal aorta 
and the right psoas muscle. 
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simple procedure of placing a hand on each 
side of the mesentery and drawing the hands 
forward from the root to the intestinal border, 
the convolutions are untwisted, and the direc- 
tion in which the gut is traveling becomes 
obvious. The first coil of jejunum and the last 
coil of ileum run parallel with each other de- 
spite the 20 intervening feet of jejunoileum. 
The first coil of jejunum passes downward and 
to the left, in front of the left kidney, and 
the last coil of ileum passes upward and to 
the right out of the pelvic cavity and across 
the external iliac vessels. The intestinal 
branches of the superior mesenteric vessels, 
the mesenteric lymph glands and vessels, and 
the fat lie between the 2 layers of the mesen- 
tery proper. Removal of a cyst or a solid tumor 
of the mesentery endangers the blood supply 
to the intestine. 

In traversing the inframesocolic compart- 
ment, the mesentery converts it into 2 parts: 
the one to the right is smaller and terminates 
in the right iliac fossa; the other to the left 
is larger and passes into the true pelvis. 


Arteries. The arteries which supply the jeju- 
noileum arise from the left side of the superior 
mesenteric artery (Fig. 380). The latter arises 
behind the neck of the pancreas and passes 
in front of the uncinate process; in this way 
it reaches the third part of the duodenum in 
front of which it crosses and enters the root 
of the mesentery. It continues downward into 
the root of the mesentery and passes in front 
of the inferior vena cava, the right psoas mus- 
cle and the right ureter; it ends by anastomos- 
ing with one of its own branches, the ileocolic 
artery. 

Close to the origin of the superior mesen- 
teric artery the inferior pancreaticoduodenal 
artery is given off. It divides into anterior and 
posterior branches which connect with similar 
branches of the superior pancreaticoduodenal 
artery, thus forming 2 arches, one in front 
of and the other behind the head of the pan- 
creas (Fig. 375). Each arch supplies branches 
to the head of the pancreas and sends a row 
of straight vessels (vasa recta) to the 2nd and 
the 3rd parts of the duodenum. Between the 
2 rows, the common bile duct descends. 
Therefore, these arches constitute the anasto- 
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mosis which exists between the superior mes- 
enteric artery and the celiac axis. 

The jejunal and the ileal arteries constitute 
12 or more branches which spread out from 
the left side of the superior mesenteric artery 
and pass between the layers of mesentery to 
reach the jejunoileum. They unite and form 
loops or arches from which the straight termi- 
nal branches (vasa recta) alternately pass to 
opposite sides of the jejunum and the ileum. 
In the intestinal wall the vessels run parallel 
with the circular muscle coat, traversing the 
serous, muscle and submucous layers succes- 
sively. The vasa recta do not anastomose 
themselves but pass to the submucous plexus 
where their ramifications anastomose freely. 
They are believed to be end-arteries. 


Veins. The superior mesenteric vein returns 
blood from the small intestines and the as- 
cending and the transverse colon. Behind the 
neck of the pancreas this vein unites with the 
splenic vein to form the portal vein (Fig. 407). 


Lymphatics. The lymphatics of the jejuno- 
ileum drain into the superior mesenteric 
glands within the mesentery; here they are 
closely related to the arterial arches. These 
glands may be involved in mesenteric lym- 
phadenitis, tuberculosis and other inflamma- 
tory as well as neoplastic conditions. 


Nerves. The nerve supply to the small intes- 
tine is derived from the celiac plexus of the 
sympathetic system and from the vagus nerve. 
In small bowel lesions referred pain is experi- 
enced in areas of the 9th, 10th and the 11th 
thoracic nerves. Pain usually is about the um- 
bilical region and may spread to the lumbar 
region and the back. 


Meckel’s Diverticulum 


This outpouching resembles the finger of a 
rubber glove extending at right angles from 
the terminal ileum opposite its mesenteric at- 
tachment (Fig. 381). Such a diverticulum usu- 
ally occurs within the terminal 2 feet of ileum, 
is usually 2 inches long, is present in 2 percent 
of all people and occurs 2 to l in favor of 
males. 

In the human embryo, the convexity of the 
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Fig. 380. Superior mesenteric artery. This vessel passes in front of the 3rd part of the duodenum and 
supplies the distal part of the duodenum, the jejunoileum and the right half of the colon. 


umbilical loop of the primitive gut communi- 
cates with the yolk sac by the omphalo (vitello) 
intestinal duct. This duct normally becomes 
occluded and should disappear entirely; how- 
ever, all or part of it may persist. If the duct 
remains completely patent, a congenital fecal 
fistula results at the umbilicus. The com- 
monest anomaly of this duct is a blind diverti- 
culum which is attached to the ileum; this has 
been described as a Meckel’s diverticulum. 


As a rule, it has the same diameter as the gut 
from which it arises; its end may be free or 
attached to the umbilicus by a fibrous cord. 
The vessel which accompanies such a diverti- 
culum is the terminal part of the superior mes- 
enteric artery; therefore, a Meckel’s diverticu- 
lum has an artery of its own. It is important 
to remember that such diverticula may have 
ectopic pancreatic or gastric tissue contained 
within. These islands of digestive tissue appear 
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at two sites, namely, at the blind end of the 
diverticulum or at its base where it attaches 
to the ileum. Therefore, it is important that 
a wide excision of the base or even a resection 
of the attached ileum be done. When a simple 
diverticulectomy is performed, the enzymes 
may be activated by the surgery, and the su- 
tures (catgut) are digested; this may result in 
a fatal peritonitis. 


Surgical Considerations 


Open and Closed Anastomoses 


Open Method of Small Bowel Anastomosis 
(Fig. 382). Removal of part of the small intes- 
tine (enterectomy) is done for tumors, trauma 
and gangrene of the bowel. Clamps are ap- 
plied in such a way that the tissue to be re- 
moved is placed in crushing clamps, and the 
tissue which remains for the anastomosis is 
held by nontraumatizing clamps. Following 
removal of the mass, the intestinal clamps are 
placed side by side, and a posterior seroserous 
suture line, either interrupted or continuous, 
is placed (Fig. 382 B). A Maunsell mesenteric 
stitch is placed, and a traction suture is utilized 
on the antimesenteric borders of the bowel. 
The Maunsell stitch is important, since it pro- 
tects the mesenteric triangle which is defi- 
cient of peritoneum and also ligates the vessels 
along the mesenteric border. Then a posterior 
layer of through-and-through sutures is placed 
(Fig. 382 C). This is followed by an anterior 
through-and-through suture (Fig. 382 D), the 
clamps are removed, and the anterior serose- 
rous suture completes the anastomosis (Fig. 
382 E). The rent in the mesentery is closed. 


Closed “Aseptic?” Method of Anastomosis. 
Four crushing clamps are placed on the 
bowel, and the diseased mass is resected (Fig. 
383). A continuous or interrupted suture 
method may be used; the former will be de- 
scribed. The suture starts on the side opposite 
the surgeon and passes at right angles to the 
clamp; following this, the suture passes paral- 
lel with the clamps and ends on the opposite 
side to which it started. The handles are re- 
versed, and the same type of suture is placed 
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again. The forceps are removed, and the su- 
tures are tied. The lumen is opened by finger 
pressure to either side of the invaginated tis- 
sue. The operation is completed by a layer 
of interrupted or continuous seroserous su- 
tures, and the margins of the mesentery are 
sutured. 


Enterostomy 


In this operation an artificial fistulous opening 
is created between the lumen of the small 
bowel and the body surface. It may be tempo- 
rary or permanent. If jejunum is used, the op- 
eration is known as a jejunostomy; if the ileum 
is used, it is called an ileostomy. Many meth- 
ods and modifications have been described, 
but they all utilize the principles of opening 
the bowel, transfixing the tube and peritoneal- 
izing with some method of invagination or 
tunneling. 


Large Intestine (Colon) 


Embryology 


Following the stage of the formation of a dis- 
tinct intestinal loop, a torsion takes place 
about the superior mesenteric artery (p. 419, 
Fig. 338). Following this primary torsion, the 
small intestine begins to lengthen so rapidly 
that the abdominal cavity cannot retain it; 
hence, a temporary but “normal” umbilical 
hernia results. By contrast, the large intestine 
and its associated mesentery grow relatively 
little at this period. In embryos of 10 weeks 
the abdominal cavity has increased sufficiently 
in size to permit the intestines to return. Prob- 
ably because of the cecal swelling, the large 
intestine is the last to leave the umbilical cord 
and reenter the abdominal cavity. 

The cecum, the ascending colon and ap- 
proximately half of the transverse colon are 
derived from the midgut, the remainder of 
the large bowel being derived from the hind- 
gut. The cecum becomes fixed on the right 
side close to the crest of the ileum. 

At this stage, however, the colon passes ob- 
liquely upward to the left of the stomach, 
where it curves sharply to form the splenic 
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Fig. 381. Meckel’s diverticulum: (A) view of the 
interior of the diverticulum with possible locations 
of ectopic gastric or pancreatic tissue; (B) external 
view. 


flexure and continues as the future descending 
colon. 

As the liver decreases in relative size, a he- 
patic flexure appears in the originally oblique 
proximal colon; this flexure demarcates as- 
cending from transverse colon. 

Posterior peritoneal fixations of the colon 
take place so that the ascending mesocolon 
and the colon fuse with the right parietal peri- 
toneum and the anterior surface of the de- 
scending duodenum and its mesentery; the 
descending colon fuses with the left parietal 
peritoneum (Figs. 384 and 385). The mesen- 
tery to the remainder of small bowel remains 
free and unfused (Fig. 377). 

These various fusions may be complete or 
incomplete; they form surgical cleavage 
planes which permit proper bloodless mobili- 
zation of a given segment of bowel. The 
transverse colon and the mesocolon do not 
fuse with the posterior parietal peritoneum 
but hang suspended from the posterior ab- 
dominal wall and remain fixed at the 2 colic 
angles. The redundant sigmoid loop does not 
fuse with the left pelvic peritoneum. The up- 
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per boundary of the mesosigmoid is the retro- 
sigmoid or intersigmoid recess (fossa), the 
depth of which depends on the inferior limit 
of fusion of the descending mesocolon. Into 
this recess a loop of small bowel may herniate 
and strangulate (Fig. 397). 

The rectum is the only part of the entire 
alimentary tube which maintains its primitive 
sagittal position; it has no mesentery. 


Large Intestine Proper 


The differences between the small and the 
large intestines may be listed as follows: 

1. The large bowel is sacculated; the small 
bowel is smooth. 

2. The large bowel has taeniae coli; the small 
bowel has none. One of the taeniae lies along 
the line of the mesenteric attachment, and 
the other two are equidistant from it and from 
each other. All three converge on the cecum 
to the base of the vermiform appendix. These 
taeniae are explained by the fact that the 
outer longitudinal muscle of the large bowel 
does not form a complete coat as it does in 
the small intestine. It is arranged in 3 narrow 
longitudinal bands which are shorter than the 
gut itself, thereby causing a puckering and 
forming sacculations. If the taeniae are cut, 
the sacculated form is lost. 

3. The large bowel has appendices epiploicae; 
the small bowel has none. These are little fatty 
tags which project from the serous coat of the 
large intestine. Those in the region of the ap- 
pendix, the cecum and the rectum generally 
contain little fat; they may even be absent 
in these areas. Most of them are attached to 
the colon between its internal margin and the 
anterior taenia. In the iliac and the pelvic re- 
gions the appendices appear in 2 rows, one 
on each side of the anterior taenia. 

4. The largest intestine has a greater caliber 
than the small bowel. The size of the colon 
diminishes from its cecal extremity, the diam- 
eter of which is usually 6 cm.; at the sigmoid 
colon, its narrowest part, the diameter is usu- 
ally 2% cm. 

5. Internally, the large intestine has no aggre- 
gated lymph nodules, villi or circular folds, 
all of which are present in the small intestine. 
The mucous membrane of the large bowel 
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Fig. 382. Open method of small bowel anastomo- 
sis: (A) clamps placed and bowel resected; (B) poste- 
rior seroserous layer; (C) posterior through-and- 


is thrown into folds opposite the constrictions 
between its sacculations. These folds are not 
permanent as in the small bowel; hence, the 
former can be smoothed when the longitudi- 
nal muscle bands are cut. 

The large bowel begins in the right iliac 
fossa as a blind head, called the cecum, to 
which the vermiform appendix is attached. 
The cecum continues upward into the ascend- 
ing colon, which lies on the right half of the 
posterior wall of the abdomen. At the inferior 
surface of the liver, the ascending colon makes 
a sharp bend medially to form the right colic 
(hepatic) flexure, which lies on the anterior 
surface of the right kidney; it continues as the 
transverse colon. The latter crosses the abdo- 
men transversely to the lower part of the 
spleen and on the front of the left kidney; it 
makes a sharp bend to form the left colic 
(splenic) flexure, which passes into the de- 
scending colon. This continues down the left 


through layer; (D) anterior through-and-through 
layer; (E) anterior seroserous layer. 


side of the posterior abdominal wall to the 
iliac crest, then downward and medially in 
the left iliac fossa to end at the medial margin 
of the psoas major muscle as the pelvic (sig- 
moid) colon. This part of the colon hangs into 
the pelvis as a loop and ends at the middle 
of the middle piece of sacrum; it continues 
as the rectum. The primitive mesentery pos- 
sessed by the large bowel in fetal life is re- 
tained by only 2 parts of the large intestine, 
namely, the transverse and the pelvic colons. 
The extent to which the ascending and the 
descending colons are surrounded by perito- 
neum is variable. They usually are surrounded 
on 3 sides and remain bare posteriorly. How- 
ever, it may be completely surrounded by 
peritoneum but have no mesentery; finally, 
the mesentery may persist wholly or in part. 
Because of its usual method of fixation, the 
position of the large bowel is more constant 
than that of the small bowel. The large bowel 
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Fig. 383. The closed “aseptic” anastomosis. 


is 5 or 6 feet long (one quarter that of the 
small bowel) and forms a 3-sided frame around 
the small gut, leaving the most inferior part 
open to communicate with the pelvis. 

Because all parts of the colon are capable 
of greater distention than the small intestine, 
the adjective “large” has been used. 


Cecum 


The ileocecal region and the attached appen- 
dix form an important surgical and structural 
unit (Fig. 386). During early development the 
cecal segment forms a tube of uniform dimen- 
sion. However, the lower part of the cecal 
segment lags in growth, while the upper part 
continues to increase with the rest of the co- 
lon. This difference in size becomes greater, 
and finally the lower tapering extremity be- 
comes the vermiform appendix, and the 
larger part situated directly above it becomes 
the cecum (Fig. 387). 

At birth, the cecum has a conical smooth 


external appearance, but by the 3rd year long- 
itudinal bands or taeniae with sacculi between 
them are present. The sacculus between the 
anterior and the lateral bands develops more 
rapidly and out of proportion to the others. 
This large sacculus forms the most dependent 
part (fundus) and constitutes the greater part 
of the anterior wall of the cecum. The appen- 
dix is attached medially and posteriorly; it is 
not associated with this large cecal sacculus. 

The cecum, or head of the colon, as it has 
sometimes been referred to, is a blind pouch 
which normally is found in the right iliac fossa. 
It is that portion of large intestine which is 
below the ileocecal valve and is usually 2% 
inches long and 2% inches wide. It has a more- 
or-less complete peritoneal investment, which 
accounts for its having a certain degree of mo- 
bility, but it is held in place because of its 
continuity with the ascending colon. 

From its anterior surface the peritoneum 
is continuous upward over the ascending co- 
lon, but from the upper part of its posterior 
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Fig. 384. Embryology of the large bowel. Sections 
la and 2a are cross sections before posterior fixa- 
tions have taken place. Sections 1b and 2b are cor- 


surface the peritoneum is reflected backward 
and downward over the iliac muscle, thereby 
forming a small cul-de-sac behind the cecum; 
this is known as the retrocecal recess. When 
such a recess or fossa is well developed, it fre- 
quently contains the vermiform appendix. 
Posteriorly, the cecum rests on the iliopsoas 






| S7 "Fusion of ion of asc. 


‘Bight pan ht parietal 
toneurr. 


responding cross sections after posterior fixations 
have taken place. 


muscle, the lateral cutaneous nerve of the 
thigh (femoral nerve) and very often the ex- 
ternal iliac artery. When distended it is in con- 
tact with the greater omentum and the ante- 
rior abdominal wall, but when collapsed it is 
covered by a few coils of small intestine. The 
ileocecal orifice and valve are located inter- 
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Fig. 385. Embryology of the large bowel: (A) before posterior fixation; (B) after posterior fixation. 


nally in its upper half, and the opening of the 
vermiform appendix is in the posteromedial 
aspect (Fig. 386). The ileocecal valve is a shelf- 
like projection of mucous membrane where 
the wall of the ileum has become invaginated 
into the lumen of the cecum. 

The cecum is not only the widest part of 
the large bowel, but it is also the thinnest. 


Because of this, almost all spontaneous perfo- 
rations of the large intestine occur in this re- 
gion. 

The taeniae coli of the cecum are anterior, 
posterior and medial. They converge on the 
base of the vermiform appendix, for which 
they provide a complete longitudinal muscle 
coat. 
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Fig. 386. Cecum. A window has been cut in the 
anterior cecal wall to show the valve and the open- 


The position of the cecum may vary. In its 
low position it may lie in the depth of the 
pelvis and in its high position, due to incom- 
plete development of the colon, it may occupy 
a position below the liver and on the right 
kidney. In the fetus and the infant it lies high; 
this should be kept in mind when an incision 
is being contemplated for an appendectomy 
in children. It usually elongates and descends 
with advancing age and may be present in 
the sac of an inguinal hernia. Occasionally, 
the cecum and the colon retain their posterior 
fetal peritoneal connections and then are sus- 
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Fig. 387. Embryology of the cecum. 
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pended from the posterior abdominal wall by 
a mesentery which permits a large range of 
mobility. This makes it possible for the ileoce- 
cal segment to become twisted (volvulus) and 
may also be an etiologic factor in the occur- 
rence of intussusception. Appendices eplipoi- 
cae frequently are absent over this portion 
of the large intestine. 


Membranes. Accessory peritoneal bands or 
membranes which are of surgical importance 
are found in this region (Fig. 388). Two in 
particular warrant mentioning: Lane’s and 
Jackson’s membranes. 

Lane’s ileal membrane is a thickening of 
parietal peritoneum in the region of the right 
iliac fossa. It extends from this fossa to the 
antimesenteric border of the last 2 or 3 inches 
of ileum. It was thought by Lane that a short- 
ening of this band would produce a kink 
(Lane’s kink) of the small gut; however, it is 
unusual to find any obstruction caused by it. 
Therefore, it may pull the ileum to the right 
and make locating the appendix more difh- 
cult. It is an avascular membrane and may 
be cut with impunity. 
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Fig. 388. Accessory peritoneal bands. 


Jackson’s membrane is a fold of peritoneum 
that is thin and transparent and extends from 
the posterior abdominal wall to the region of 
the ascending colon. It then continues down- 
ward and inward and attaches to the anterior 
longitudinal band of the ascending colon or 
cecum. A characteristic feature of this mem- 
brane is the presence of fine parallel vessels 
which are seen through it; they rarely, if ever, 
require ligation. 


Fossae. The cecal (pericecal) fossae are 
pouches which are formed in the ileocecal re- 
gion by peritoneal folds. They are of impor- 
tance to the surgeon because the appendix 
may occupy any one of them; herniations into 
these fossae also have been recorded. The 3 
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Fig. 389. The cecal fossae. 


main cecal fossae are the following (Fig. 389): 
(1) The ileocolic (superior ileocecal), (2) the 
ileocecal and (3) the subcecal (retrocecal). 

The ileocolic or superior ileocecal fossa lies 
above the ileocolic junction and is formed by 
a peritoneal fold which passes across the ileo- 
colic angle. It is bounded anteriorly by the 
ileocolic fold, which contains the ileocolic ar- 
tery and vein, and posteriorly by the ascend- 
ing colon; it opens toward the left. 

The ileocecal fossa is formed by the so- 
called ileocecal or bloodless fold of Treves. 
This fold extends from the terminal ileum to 
the cecum and the mesentery of the appendix. 
The fossa is quite constant and large enough 
to admit 2 fingers. Deaver has noted that the 
depth of this fossa varies and at times may 
extend upward behind the ascending colon 
as far as the right kidney and the duodenum. 
If the appendix cannot be found, this fossa 
should be the first to be investigated. It is 
bounded anteriorly by the ileocecal fold; supe- 
riorly, by the posterior surface of the ileum 
and its mesentery; and posteriorly, by the 
mesentery of the appendix. 

The subcecal (retrocecal) fossa is situated 
behind the cecum and at times extends be- 
hind the ascending colon. It is bounded anteri- 
orly by the posterior surface of the cecum; 
posteriorly, by the iliac fossa, which is covered 
by parietal peritoneum—to the right by the 
peritoneum of the right colic gutter, and to 
the left by the mesentery. It has been the ex- 
perience of the author to find the most com- 
mon site for the appendix in this fossa. 
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Vermiform Appendix 


Position. In fetal life the appendix opens into 
the apex of the cecum, but in the adult the 
opening is an inch below the ileocolic junction 
(Fig. 390). It may occupy any position, de- 
pending on its length and its mesentery. 
Wakeley, in 10,000 cases, found it either to 
be postcecal or retrocolic in 65.28 percent of 
the cases. It has been the impression of the 
author that the vermiform appendix is found 
in a retrocecal position in at least 70 percent 
of those cases seen at the operating table and 
in the cadaver. Although the relation of the 
base of the appendix to the cecum is quite 
constant, it may occupy one of many positions. 

The so-called paracolic position is one in 
which the appendix is located on the outer 
side of the ascending colon. 

In the splenic position, the appendix is en- 
tirely intraperitoneal but passes up in the di- 
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Fig. 390. The vermiform appendix and the ileoce- 
cal region. (A) The appendix is shown lying over 
the pelvic brim; this is not its most frequent position 
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rection of the spleen, either in front of or be- 
hind the terminal ileum. 

The promontoric position is one in which 
the appendix is directed transversely inward 
toward the promontory of the sacrum. 

At times the appendix is pelvic; it then 
hangs over the pelvic brim and is in the true 
pelvis. 

It has also been described as assuming a 
midinguinal position when it passes down to- 
ward the middle of the inguinal ligament. 


Length. The appendix is usually from 3 to 4 
inches in length, but extremes varying from 
l to 9 inches have been recorded. It is entirely 
covered by peritoneum and has a mesentery 
(mesoappendix) which is derived from the left 
side of the mesentery proper. 


Blood Supply. The appendicular artery is a 
branch of the ileocolic, which reaches the ap- 
pendix along the mesentery; if the mesentery 
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Fig. 391. Extraperitoneal drainage of an appendi- 
ceal abscess. The incision is placed laterally, the 
peritoneum is peeled away from the abdominal 
wall, and the abscess is entered. In this way the 
peritoneal cavity is not soiled. 


is incomplete, the artery lies on the wall of 
the appendix proper. It does not pass retroce- 
cally but rather retroileally. 

A large amount of lymphoid tissue is present 
in the appendix; hence its name the “abdomi- 
nal tonsil”; this tissue diminishes with age. 


Mesentery. The appendicular mesentery rep- 
resents a triangular fold of peritoneum which 
is continuous with the lower or left layer of 
small bowel mesentery and reaches the ap- 
pendix by passing downward behind the ter- 
mination of the ileum. As a rule, the mesen- 
tery does not extend to the upper half of the 
appendix. 


McBurney’s Point. When inflamed and in its 
usual position, a point of tenderness known 
as McBurney’s point is located at the junction 
of the middle and the outer thirds of a line 
joining the umbilicus and the anterior supe- 
rior iliac spine. 
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Abscess. The site of an appendix determines 
the site of an abscess which may form as a 
result of appendicitis. When situated in front 
of the cecum, the abscess is walled off in front 
by coils of small intestine and omentum. An 
abscess behind the cecum may be intraperito- 
neal or extraperitoneal. In the latter case it 
ascends upward to the perinephric or even 
the subphrenic regions, usually causing some 
tenderness and edema in the loin. Such ab- 
scesses should be approached posteriorly, 
while those which are intraperitoneal should 
be approached along the outer side of the ce- 
cum (Fig. 391). When situated on the inner 
side of the cecum and in front of the mesen- 
tery of the small intestine, the abscess may 
be bounded again in front by the anterior ab- 
dominal wall; but when situated behind the 
mesentery, the peritoneal cavity must be 
transversed before such an abscess can be 
evacuated. A pelvic abscess is accompanied 
by rectal or vesical irritation, depending upon 
which of these 2 structures is involved. Such 
an abscess may discharge into the bladder, 
the cecum, the colon or the rectum. Abscesses 
in the pelvis may be evacuated vaginally or 
rectally (Fig. 392). 


Appendectomy 


Since the appendix is a mobile part, and since 
it may be found almost anywhere in the abdo- 
men, a variety of incisions have been de- 
scribed for its removal. However, this still re- 
mains a personal problem with the surgeon. 

The appendix is located by first making up- 
ward traction on the cecum; the ileal fat pad 
is located and turned to the left (Fig. 393). 
This usually uncovers the appendix which, in 
most instances, is found retrocecally. If the 
appendix is not located after dislocating the 
cecum and the ileal fat pad, one assumes that 
it is retroperitoneal, and mobilization of the 
cecum becomes necessary. This is accom- 
plished by incising along the paracecal gutter 
and dislocating the cecum and the ascending 
colon to the patient’s left. When the appendix 
is delivered, the mesoappendix is clamped and 
cut; the base of the appendix is ligated with 
or without clamping. The hemostats on the 
mesoappendix are replaced by ligatures; if a 


482 





Fig. 392. Drainage of a pelvic abscess. An aspirat- 
ing needle is placed through the anterior rectal 
wall, where the abscess points, and into the abscess. 
The bowel floats above the abscess and therefore 
is protected. An incision is placed where the pus 
is aspirated, and the abscess is drained. 


purse-string is used, this is placed now. A he- 
mostat is placed above the ligated base, and 
the appendix is removed between this ligature 
and the clamp. There are many modifications 
of this procedure. 


Ascending Colon 


This part of the colon lies between the cecum 
and the right colic (hepatic) flexure. It varies 
in length, depending on the location of the 
cecum, its average length being between 5 
and 8 inches. It is covered anteriorly, medially 
and laterally by peritoneum (Fig. 394); in ex- 
ceptional cases an ascending mesocolon may 
be present. 

Posteriorly, it is related to the iliacus muscle 
and its fascia, to the fascia covering the 
quadratus lumborum and to the lower part 
of the right kidney (Fig. 395). 

Medially, it is related to the psoas muscle 
and the descending duodenum. To the right 
of the ascending colon is the so-called right 
paracolic gutter. If an ascending colon mesen- 
tery exists, it permits the bowel to fall away 
from the loin, thus dragging the cecum and 
the hepatic flexure with it. Though no symp- 
toms may result, this at times may account 
for such conditions as duodenal ileus, cecal 
stasis, volvulus, ileocecal intussusception and 
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movable right kidney. The ascending colon 
has to support and propel a column of liquid 
feces against gravity and to do this it should 
be firmly fixed to the posterior abdominal 
wall. 

Anteriorly, the ascending colon is either in 
direct contact with the anterior abdominal 
wall or separated from it by the greater omen- 
tum and part of the small bowel. The ascend- 
ing colon is very short, and it occupies only 
that space which exists between the iliac crest 
and the undersurface of the liver. Since it 
passes directly in front of the right kidney, 
an abscess of this kidney may discharge into 
this portion of bowel. 


Right Colic (Hepatic) Flexure 


This is an angle or bend which forms at the 
junction of the ascending and the transverse 
colons. It lies in front of the right kidney and 
under the liver and the gallbladder (Fig. 394). 
It may form an obtuse or an acute angle but 
is not as sharp as the angle of the splenic flex- 
ure. Medial to it is the 2nd part of the duode- 
num, and lateral to it is the edge of the liver 
or the lateral abdominal wall; above, it touches 
the liver; posteriorly, it lies on the right kid- 
ney. It is clothed with peritoneum except on 
its posterior surface. A peritoneal band from 
the lesser omentum sometimes passes down- 
ward to the flexure; it is called the hepatocolic 
ligament. 


Transverse Colon 


The transverse colon measures from 18 to 20 
inches in length and is the longest section of 
the large intestine. It runs across the abdomen 
from right to left in front of the duodenum 
and the pancreas; above, it is in relation to 
the stomach; below, to the coils of the small 
intestine (Figs. 394 and 395). At its beginning, 
where the mesocolon is short or absent, it 
crosses the second part of the duodenum, but 
past this point the increased length of its mes- 
entery allows a sagging of the colon over the 
small bowel. This sagging may be so marked 
that the transverse colon reaches the symphy- 
sis pubis. To the left, the mesentery is short- 
ened again, and the colon is held close to the 
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Fig. 393. Appendectomy: (A) McBurney incision; 
(B) the external oblique, the internal oblique and 
the transversus abdominis muscles have been in- 
cised in line with their fibers; (C) the appendix is 
located by displacing the cecum upward and the 


ileal fat pad to the left (assistant); (D) the mesoap- 
pendix is clamped and cut; (E) the appendix is am- 
putated between the clamp and the ligature; (F) 
no inversion technic. 
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Fig. 394. The mesenteries and their attachments. The jejuno-ileum, the ascending, the transverse, the 
descending and the sigmoid colons have been removed. 


pancreatic tail, which it follows under the 
stomach and to the lower pole of the spleen. 

The right side of the transverse colon is in 
close contact with the gallbladder and is com- 
monly found to be bile-stained after death. 
In some cases, gallstones may ulcerate 
through the wall of the gallbladder and into 
the transverse colon (autocholecystotrans- 
versocolostomy). Hepatic abscesses may drain 
into the transverse colon. Since this part of 
the colon possesses a mesentery (transverse 
mesocolon), a wide range of movement is pos- 
sible. 

It is related anteriorly to the anterior 2 lay- 
ers of the greater omentum and the anterior 
abdominal wall; posteriorly, it lies in contact 
with the 2nd part of the duodenum and the 
head of the pancreas. In the rest of its extent 


it is separated from the posterior abdominal 
wall by coils of jejunoileum. The upper border 
of the transverse colon is separated from the 
greater curvature of the stomach by the lesser 
peritoneal sac and the anterior 2 layers of the 
greater omentum (Fig. 394). 

The transverse mesocolon connects the 
transverse colon to the posterior abdominal 
wall. As it suspends the colon, it forms a hori- 
zontal partition which separates the cavity of 
the omental bursa and the supramesocolic 
structures from the inframesocolic compart- 
ment. In this way it acts as a barrier to infec- 
tion between these areas. The posterior at- 
tachment of the transverse mesocolon extends 
to the anterior surface of the head, the neck 
and the body of the pancreas but may con- 
tinue to the right and cross the anterior sur- 
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Fig. 395. Relations of the ascending, the transverse and the descending colons. The numerals indicate 
the 5 muscles over which the descending colon passes. 


face of the second part of the duodenum (Fig. 
394). 

The middle colic artery passes between the 
2 layers of the transverse mesocolon; although 
it is called the “middle” colic artery, it should 
be noted that it passes well to the right (Fig. 
403). To the left of this vessel is a wide area 
(avascular area of Riolan) which contains no 
blood vessels; when incised, it allows the fin- 
gers to be introduced into the lesser perito- 
neal cavity. The great variations in the posi- 
tion of the transverse colon result in the for- 
mation of a “V”-shaped or “U”-shaped bend. 
Within the female pelvis a pendulous tran- 
sverse colon may acquire adhesions which at- 
tach to the uterus, the ovaries and the Fallo- 
pian tubes, thus causing a kink sufficient to 
produce an obstruction. Abnormally long 
transverse colons have been found not only 
in ventral and umbilical hernias but also in 


inguinal and femoral hernias. As the trans- 
verse colon passes from right to left it ascends 
thus the splenic flexure is placed at a higher 
level than the hepatic. The transverse colon 
is covered on its posterior surface with the 
peritoneum of the general peritoneal cavity, 
but on its anterior surface it has acquired a 
covering of peritoneum of the omental bursa. 
Peritoneal bands may produce “normal” kink- 
ing of the transverse colon. Two such bands 
which are found most commonly associated 
with this part of the colon are the mesocolico- 
jejunal membrane and the intercolic mem- 
brane. 

The mesocolicojejunal membrane is a band 
which extends from the undersurface of the 
transverse mesocolon to the antimesenteric 
border of the first part of the jejunum. 

The intercolic membranes are peritoneal 
folds which bind together the ascending colon 
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and the proximal part of the transverse colon, 
and the descending colon and the distal part 
of the transverse colon (Fig. 396). If these in- 
tercolic membranes are present, they cause 
the so-called “double-barreled” colon and 
have been considered a cause of partial large 
bowel obstruction. 


Left Colic (Splenic) Flexure 


This lies at a higher level and on a deeper 
plane than the right; it also forms a sharper 
bend (Figs. 394 and 395). It is limited above 
by the tail of the pancreas and the base of 
the spleen; it rests on the outer border of the 
left kidney, the diaphragm and the transver- 
sus muscle. 

The phrenicocolic ligament is a fold of peri- 
toneum which connects the splenic flexure to 
the diaphragm opposite the 10th or the 11th 
rib. It is bloodless and may be cut with impu- 
nity in mobilizing the splenic flexure or during 
splenectomy. This peritoneal fold aids in the 
fixation of the left colic flexure and also forms 
a floor upon which the spleen rests. The poste- 
rior surface of the splenic flexure is bare as 
a rule, but the entire flexure may be enclosed 
in peritoneum and then is connected with the 
end of the pancreas by a short fold of trans- 
verse mesocolon. Because of the situation and 
the fixation of this flexure its exposure and 
mobilization are more difficult than any other 
part of the large intestine. 


Descending Colon 


This part of the large bowel includes what 
was formerly called the iliac colon; however, 





Fig. 396. The intercolic membranes. 
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it is not considered as a separate part but 
rather an integral part of the descending co- 
lon. The latter and its associated iliac colon 
are 10 or 11 inches long and extend from the 
left colic flexure above to the pelvic inlet be- 
low. (Some authors still prefer to state that 
the descending colon ends at the iliac crest 
and that the portion below the iliac crest is 
known as the iliac colon.) 

The descending colon is more deeply 
placed than the ascending colon; it rarely pos- 
sesses a mesentery. It starts in an angle which 
is situated between the left kidney and the 
transversus abdominis muscle; it descends in 
front of the lateral border of this kidney and 
curves medially along its lower pole. It then 
passes vertically downward in front of the 
quadratus lumborum muscle, crosses the iliac 
crest and continues downward on the iliacus 
muscle, almost reaching the inguinal liga- 
ment. It turns medially across the left psoas 
muscle and becomes continuous with the pel- 
vic colon in front of the external iliac artery. 
This colon separates the left infracolic com- 
partment from the left paracolic gutter. The 
greater omentum and the coils of the jejuno- 
ileum intervene between it and the anterior 
and lateral abdominal walls. Medially, it is re- 
lated to the left kidney and the psoas major 
muscle; posteriorly, it crosses 5 muscles (Fig. 
395). They are, in succession: the diaphragm, 
the transversus abdominis, the quadratus lum- 
borum, the iliacus and the psoas major. 

A number of vessels and nerves separate 
the descending colon from some of these mus- 
cles. Thus the iliohypogastric and the ilioingui- 
nal nerves separate it from the quadratus lum- 
borum; the lateral cutaneous nerve of the 
thigh and the iliac branches of the iliolumbar 
vessels separate it from the iliacus; the femoral 
nerve, from the iliacus and psoas; and the ex- 
ternal iliac vessels, from the psoas. The testicu- 
lar (ovarian) vessels and the branches of the 
genitofemoral nerve are in close relation to 
the external iliac artery. Although it is stated 
that the nerves lie between the muscles and 
the descending colon, this is not correct, be- 
cause the nerves lie beneath the fascia which 
covers the muscles. Therefore, the iliohypo- 
gastric and the ilioinguinal nerves are sepa- 
rated from the colon by the fascia covering 
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the quadratus lumborum and the lateral cuta- 
neous nerve of the thigh, and the femoral 
nerve is separated from the bowel by the iliac 
fascia; this fascia must be incised before the 
nerves can be demonstrated. 


Pelvic (Sigmoid) Colon 


The external iliac artery can be considered 
as the dividing line between the iliac and the 
pelvic colons, the latter commencing in front 
of the artery about 2 inches above the inguinal 
ligament (Fig. 403). The average length of this 
part of the colon is between 10 and 15 inches 
but may vary from 5 to 35 inches. It ends in 
the midline at the level of the 3rd sacral verte- 
bra, where it becomes continuous with the 
rectum. 

The differentiation between the sigmoid 
and the rectum is marked by the facts that: 
the diameter of the rectum is diminished, the 
peritoneum ceases to enclose the rectum, and 
the rectum has no appendices epiploicae. 

In the pelvis, the colon is related to the uri- 
nary bladder anteriorly, to the sacrum posteri- 
orly and to the terminal coils of ileum on its 
right side. It is suspended from the posterior 
wall of the pelvis by a mesentery which is 
known as the pelvic mesocolon. Although this 
mesocolon varies with the length of the sig- 
moid, nevertheless, the attachment of its root 
is quite constant. 

This obliquely placed mesocolon has an in- 
verted V-shaped course (Fig. 397). Its line of 
attachment reveals the following: a lateral 
limb which extends along the iliac arteries 
from the middle of the external iliac artery 
to the middle of the left common iliac artery; 
the medial limb extends from the middle of 
the left common iliac to the middle of the 
3rd sacral vertebra. At the apex of this “V” 
there is a small peritoneal recess, the opening 
of which looks downward; it is known as the 
intersigmoid recess (fossa intersigmoidea). It 
may be deep or merely represented by a dim- 
ple; it acts as a guide to the left ureter. If a 
finger is placed in this fossa, the ureter can 
be rolled on the underlying common iliac ar- 
tery; if the peritoneum over it is divided, the 
left ureter is exposed. Internal herniations 
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Fig. 397. The pelvic mesocolon. The attachment 
of this mesocolon is placed obliquely and forms an 
inverted “V.” The intersigmoid recess and the path 
of an intraperitoneal hernia are identified by ar- 
rows. 


with strangulations of small bowel may take 
place into this fossa. The superior hemor- 
rhoidal artery runs downward and medially 
to the rectum in the medial limb of the pelvic 
mesocolon. 

The length of the mesocolon determines the 
length, the location and the mobility of the 
pelvic colon proper; therefore, there is a wide 
variation. Usually, the pelvic colon is situated 
partly in the abdomen and partly in the pelvis. 
However, if the mesocolon is long, it may cross 
past the midline and appear in the right lower 
abdominal quadrant; it may be exposed in the 
course of an appendectomy. Such a mobile 
pelvic colon may twist upon itself, producing 
a volvulus. 

The mesosigmoid membrane is a thickening 
and a shortening of the peritoneum of the 
left iliac fossa; it binds the junction of the iliac 
and the pelvic colons to the pelvic brim. This 
band has been referred to as Lane’s first and 
last kink. The reason for this is that Lane 
thought this band was the first to appear but 
involved the last part of bowel. If present, it 
must be cut when this portion of the colon 
is to be mobilized; it is avascular. 
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Rectum 


The rectum (Figs. 398 and 399) begins at the 
point where the colon ceases to have a mesen- 
tery; this usually occurs in front of the 3rd 
sacral vertebra. It not only loses its mesentery 
but also differs from the colon in that it is 
not sacculated, has no taeniae coli or appen- 
dices epiploicae. Its upper third is covered 
anteriorly and at the sides by peritoneum; the 
middle third is covered only anteriorly by 
peritoneum; and the lowest third is entirely 
devoid of peritoneum (Fig. 398). The rectum 
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is about 5 inches long and occupies the poste- 
rior part of the pelvis. It follows the curve 
of the sacrum and the coccyx and ends 1l inch 
in front of the tip of the coccyx by bending 
sharply downward and backward into the anal 
canal. 

It derives its name “rectum” from the fact 
that in lower animals this part of the intestinal 
tract is straight; however, the human rectum 
is not straight. It has an anteroposterior curve 
where it follows the concavity of the sacrum 
and the coccyx; it also has 3 lateral curves 
or flexures. The upper and the lower of these 
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Fig. 398. The rectum and its peritoneal relations: (A) sagittal section of rectal relations in the male, 


(B) sagittal section of rectal relations in the female. 
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are concave toward the left, and the middle 
is concave toward the right. 

Corresponding to the concavity of these 
flexures are the valves of Houston. These rec- 
tal valves appear as crescentric horizontal 
folds which arise transversely from the lateral 
aspects of the bowel; with the exception of 
the outer longitudinal muscular coat, all the 





Median. 
sacral a. vŢv: 


Levyvatorani, 
a-iliac part’ 
b- p eme s f 


Urogenital” 
trigone 


(sup. fasc) \ « 
Sup. hemor- . | 
rhoidal a. 

Peritoneum -- 
Rectum. .-. 





pape oa - 
ous lig. i 


Ischiorectal « 
fossa 


‘ii 














489 


coats of the rectum take part in their forma- 
tion. Three such valves are usually present: 
the middle one is on the right side, and the 
superior and the inferior are on the left. To- 
ward the lower portion of the rectum, the 
lumen expands to form the ampulla; there- 
fore, the lumen of the rectum, is narrower 
at its upper and lower ends. 
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Fig. 399. Anterior and posterior relations of the rectum: (A) seen from above and in front; (B) seen 
from behind; part of the sacrum and the coccyx have been removed. 
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Relations. The rectum has the following rela- 
tions (Fig. 399). 

Posteriorly is the superior hemorrhoidal ar- 
tery which is so intimately associated with it 
that the artery is removed with the rectum 
in cases of carcinoma involving this part. The 
sacrum, the coccyx and the anococcygeal body 
are also situated here, and the periformis, the 
coccygeus and the levator ani form a smooth 
curved bed in which the rectum is situated 
posterolaterally. The median sacral vessels lie 
between it and the sacrum and the coccyx. 
Separating the rectum from its muscular bed 
are the sympathetic trunk, the lower lateral 
sacral vessels and nerves and the coccygeal 
nerve. 

Anteriorly, so long as it is covered by perito- 
neum, the rectum is related to the terminal 
part of the pelvic colon. Below the peritoneal 
reflection, however, it is related to the poste- 
rior surface of the bladder in the median plane 
and to the end of the vas deferens and the 
seminal vesicles on each side of this plane. 
The anterior wall of the rectal ampulla is re- 
lated to the posterior surface of the prostate. 
It is separated from these structures by loose 
areolar tissue and the rectovesical fascia. In 
the female the only differences in the anterior 
relations are that the upper two thirds are 
related to intestines which separate the rec- 
tum from the uterus and the upper third of 
the vagina. The lower third of the rectum is 
directly related to the middle third of the va- 
gina. On each side are the so-called rectal 
stalks (lateral or suspensory ligaments). These 
are situated in the lower two thirds and are 
condensations of areolar tissue around the 
middle hemorrhoidal artery and veins (Fig. 
403). J. W. Smith is of the opinion that they 
are situated 1 inch above the levator and ex- 
tend from the 3rd piece of the sacrum to the 
rectal wall. This areolar tissue then has a back- 
ward as well as a lateral prolongation and con- 
tains the nervi erigentes (sacral 2nd and 3rd), 
as well as the middle hemorrhoidal vessels. 


Blood Supply. Five arteries supply the rec- 
tum: the superior hemorrhoidal artery, which 
is a continuation of the inferior mesenteric; 
the 2 middle hemorrhoidals derived from the 
internal iliac; and the 2 inferior hemorrhoid- 
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als, which are branches of the internal pu- 
dendals. 

The superior hemorrhoidal (rectal) artery 
is a continuation of the inferior mesenteric 
and begins at the middle of the left common 
iliac artery. It enters the root of the medial 
limb of the pelvic mesocolon and descends 
in it to the 3rd sacral vertebra. Here it divides 
into 2 diverging branches which pass down- 
ward, first on the back and then on the sides 
of the rectum. These divide into smaller 
branches which are disposed around the rec- 
tum; they pierce the muscular coat about its 
middle and descend in the submucosal to the 
anal canal. 

The middle hemorrhoidal (rectal) arteries 
are small and inconstant branches of the inter- 
nal iliac. They pass to the sides of the rectum 
and are enclosed within the condensations of 
the visceral pelvic fascia which forms the so- 
called rectal stalks or lateral ligaments of the 
rectum. 

The inferior hemorrhoidal (rectal) artery 
arises on each side from the internal pudendal 
(pudic) artery, which is situated in Alcock’s 
canal. It supplies the anal canal and the lower 
part of the rectum, chiefly its posterior part. 
The superior hemorrhoidal artery supplies the 
entire internal surface and the upper half of 
the external surface of the rectum, but the 
middle and the inferior hemorrhoidal arteries 
are confined chiefly to the external surface 
of the lower half. The middle sacral artery 
also contributes slightly to the blood supply 
of the posterior rectal wall. 


Anal Canal 


The anal canal represents the terminal por- 
tion of the large intestine and is about 1% 
inches long. It runs downward and backward 
at right angles to the rectum, through the fas- 
cia and between the 2 levators into the peri- 
neum, where it opens on the exterior at the 
anus. 


Relations. Anteriorly, in the male, the peri- 
neal body (central point of the perineum) sep- 
arates it from the transverse perineal muscles, 
the membranous urethra and the bulb of the 
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penis; in the female, it is separated from the 
lower third of the vagina. 

Posteriorly, it is related to the anococcygeal 
body, a collection of dense fibrous tissue which 
is situated between the anal canal and the coc- 
cyx, and blends above with the median raphe 
of the levator ani. 

On each side the puborectal (levator ani) 
muscles separate the anal canal from the is- 
chiorectal fossa. 


Landmarks. A view of the anal canal through 
the anoscope presents 4 rather definite land- 
marks: (1) the anocutaneous line, (2) Hilton’s 
line, (3) the pectinate line and (4) the anorectal 
line (Fig. 398). 

The anocutaneous line also has been re- 
ferred to as the anal verge. Normally, it is 
in a state of apposition, the epithelium sur- 
rounding it being thrown into folds by the 
involuntary action of a muscle which has been 
called the “corrugator of the anal skin.” 

Hilton’s (intersphincteric) white line is re- 
ally more blue in color than white and is more 
palpable than visible. It marks the sharp non- 
muscular interval which exists between the 
internal and the external sphincters and feels 
like a depression. It lies halfway between the 
anal verge and the more superior pectinate 
line. Directly above Hilton’s line is an area 
about one eighth to one third of an inch in 
width; Stroud has called this “the pecten.” It 
has been given this name because, arising 
from its upper edge, there is a serrated margin 
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Fig. 401. The external sphincter muscle and its 
“three layers.” 


that resembles the teeth of a comb. Miles has 
stressed the importance of this area because 
of the heavy deposits of fibrous tissue underly- 
ing it; he believes that it is necessary to cut 
this stenosing fibrous ring to cure anal fissures. 
It is an important anatomic landmark, since 
it is the line over which prolapsing masses 
of mucosa fall through the sphincteric region. 
Some authors believe that Hilton’s white line 
is identical with the pecten. 

The pectinate line also has been referred 
to as the dentate line; it is the upper border 
of the area just described as the pecten. It 
has received its name because of its comblike 
arrangement brought about by the anal papil- 
lae which are continuous above with the col- 
umns of Morgagni. The bases of the anal papil- 
lae are connected by irregular folds which are 
known as anal valves. This arrangement forms 
small pockets between the vertical columns; 
these are known as the crypts of Morgagni. 

The area which has been described as the 
pecten, or that area which exists between Hil- 





Fig. 400. The anal canal. The pecten is situated between Hilton’s line and the pectinate line. The 3 
parts of the external sphincter ani muscle are identified. 
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Fig. 402. The external sphincter ani muscle: (A) 
in the male; (B) in the female. 


ton’s line below and the pectinate line above, 
is an important surgical landmark. Penning- 
ton has stated that 85 percent of all procto- 
logic diseases occur in this area. There are 
structural as well as clinical differences which 
result at this line: 

l. Stratified squamous epithelium is found be- 
low this line, and above it is columnar epithe- 
lium. The line itself is said to be covered by 
transitional epithelium. 

2. At this line the external sphincter replaces 
the internal. 

3. The sympathetic and the cerebrospinal 
nerves meet here. The skin distal to the line 
is supplied by the inferior hemorrhoidal 
nerve, which carries pain fibers, but the mu- 
cous membrane proximal to the line is sup- 
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plied by sympathetic fibers which do not con- 
tain pain fibers. Therefore, any anorectal con- 
dition which is associated with pain must be 
situated below the pecten. For this reason a 
carcinoma of the rectum is “silent,” but a fis- 
sure-in-ano produces severe pain. 

4. Internal hemorrhoids occur above this line, 
and external hemorrhoids occur below it. 

5. The line divides the lymphatic drainage. 
The intestine above the line drains into the 
pelvic lymph glands (sacral and hypogastric), 
but the rectum below it drains into the super- 
ficial inguinal glands by lymphatics which pass 
around the inner side of the root of the thigh. 
This explains the reason that lesions below the 
pecten may be associated with inguinal lym- 
phadenopathy, but lesions above this line do 
not show such adenopathy. 

6. The pecten marks the dividing line be- 
tween the superior and the inferior hemor- 
rhoidal vessels (p. 497). Therefore, the small 
veins in the submucosa of the pecten commu- 
nicate the portal with the systemic circulation 
at this point (portacaval communication). 

7. Focal infections take place at this line be- 
cause this is the location of the crypts of Mor- 
gagni; hence, cryptitis, papillitis and fistulae- 
in-ano are located here. 

8. Developmental defects may be found here. 
Since the anal canal is formed by a fusion of 
an ingrowth of skin from below, known as the 
proctodeum, and a downgrowth of hindgut 
from above, the anal membrane which forms 
a partition between these two is located at 
the pecten. The septum disappears, as a rule, 
leaving only the dentate line, but should it 
remain intact, the membrane then is visible 
and separates the hindgut from the procto- 
deum. 

The anorectal line should not be confused 
with the anocutaneous line. The anorectal line 
lies about 1% cm. above the pectinate line. 
The anorectal junction lies 14% inches above 
the anocutaneous line when the canal is 
empty. It can be identified when the posterior 
wall appears while withdrawing the procto- 
scope. 


Sphincters. The anal sphincters are 2 in num- 
ber, namely, the external and the internal 
sphincters ani (Figs. 400 and 402). 

The internal sphincter is the lower, thick- 
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ened portion of the circular muscle of the 
bowel; it is about 1 inch long and can be felt 
on digital examination. It encloses the upper 
two thirds of the canal. The external sphincter 
is a subcutaneous muscle which is mainly 
placed superficial to the internal sphincter. 
The fibers of this muscle are arranged in 3 
layers: subcutaneous, superficial and deep. 
The subcutaneous fibers are without bony at- 
tachment; they surround the anal orifice, and 
some decussate anteriorly. This part bears the 
same relation to the anal canal as does the 
internal sphincter. Its upper edge is separated 
from the lower edge of the internal sphincter 
by the intersphincteric groove. The superficial 
fibers arise from the anococcygeal body, pass 
around the sides of the anus and are inserted 
into the perineal body (central point of the 
perineum). These fibers lie lateral to the sub- 
cutaneous portion and, therefore, are less in 
direct contact with the anal canal. Instead of 
being flattened and tubelike, it is broad hori- 
zontally to the plane of the skin. The deep 
fibers resemble the subcutaneous layer in that 
they have no direct bony attachment but en- 
circle the lower half of the anal canal and form 
a true sphincteric muscle. This deep layer is 
intimately associated with the puborectal por- 
tion of the levator ani. The external sphincter 
is supplied by the perineal branch of the 4th 
sacral and also by the inferior hemorrhoidal 
nerves. 


Vascular Supply of Colon, Rectum and 
Anal Canal 


Arteries. The colon receives its blood from 
the superior and the inferior mesenteric ar- 
teries (Fig. 403). 

The superior mesenteric artery supplies that 
part of the intestinal tract which extends from 
the 2nd part of the duodenum to the right 
half of the transverse colon. The vessel crosses 
in front of the 3rd part of the duodenum and 
then enters the mesentery proper. It passes 
between the head and the body of the pan- 
creas and may be followed upward to the 
aorta, whence it arises. Since the body of the 
pancreas is associated with the transverse 
mesocolon anteriorly and the splenic vein pos- 
teriorly, the superior mesenteric artery has 
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3 anterior relations, namely, the transverse 
mesocolon, the pancreas and the splenic vein; 
the left renal vein is posterior to it and, there- 
fore, is clamped between the artery and the 
aorta. 

The superior mesenteric artery passes 
downward and to the right, where it ends by 
forming an arch with one of its own branches 
(the ileal branch of the ileocolic artery). 
Throughout its course it is surrounded by the 
superior mesenteric plexus of sympathetic 
nerves from the celiac plexus. It is accompa- 
nied by its vein which lies to its right side, 
either in front of the right colic and the ileo- 
colic branches or behind them. As it descends 
in the mesentery, it passes the following struc- 
tures, from left to right: the third part of the 
duodenum, the aorta, the inferior vena cava, 
the right ureter and the testicular (or ovarian) 
vessels. 

The branches of the superior mesenteric ar- 
tery are numerous and are accompanied by 
veins. The jejunoileal branches arise from its 
convex border, and the usual 3 colic branches 
arise from its concave right border. The colic 
branches, from above downward, are: the 
middle colic, the right colic and the ileocolic. 
Although the inferior pancreaticoduodenalis 
is not a colic branch, nevertheless it arises 
from the right side of the vessel. Many varia- 
tions of the above arrangement are possible; 
these must be kept in mind during surgery 
of the colon. 

The middle colic artery arises below the 
pancreas, enters the transverse mesocolon 
and passes downward, forward and to the 
right; it is the first branch of the superior mes- 
enteric artery. It divides into left and right 
branches. The left branch anastomoses near 
the splenic end of the transverse colon with 
the left colic artery; the right branch anasto- 
moses on the inner side of the ascending colon 
with the right colic artery. Since the middle 
colic artery lies in the transverse mesocolon, 
it is situated posterior to the stomach; there- 
fore, it is in danger of being caught when the 
right gastroepiploic vessels are clamped, since 
only 2 layers of peritoneum separate the 2 
vessels. The main trunk of the middle colic 
artery does not lie directly in the midline but 
rather to the right; hence, any surgical open- 
ing which is made through the transverse 
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mesocolon should be made to the left of this 
vessel where the large so-called avascular area 
of Riolan is found. When the transverse colon 
and the greater omentum are pulled upward, 
the artery is seen to curve upward in the right 
half of the transverse mesocolon. 
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The right colic artery arises a little below 
the middle colic and passes to the right behind 
the peritoneum and on the posterior wall of 
the right infracolic compartment. It crosses 
in front of the inferior vena cava, the right 
testicular (or ovarian) vessels and the right 
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Fig. 403. Blood supply of the large bowel. The branching vessels which pass along the inner margin 
of the colon form the so-called marginal “artery” of Drummond. 
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ureter. On reaching the upper part of the as- 
cending colon, it divides into a superior 
branch which anastomoses with the middle 
colic artery and an inferior branch which anas- 
tomoses with the ileocolic artery. At times it 
does not arise as an independent branch but 
springs from the ileocolic or from the middle 
colic artery. It supplies the ascending colon. 

The ileocolic artery is the lowest branch 
which is given off from the concavity of the 
superior mesenteric artery. It supplies the last 
6 inches of ileum, cecum, appendix and part 
of the ascending colon. As it descends subperi- 
toneally it crosses the inferior vena cava, the 
ureter, the genitofemoral nerve and the tes- 
ticular (or ovarian) vessels, which lie on the 
psoas fascia. It terminates by dividing into as- 
cending and descending branches. The de- 
scending (ileocecal) branch divides into ante- 
rior and posterior cecal, appendicular and 
ileal branches. The anterior cecal branch runs 
in the superior ileocecal fold of peritoneum 
in front of the cecum and supplies this area; 
the posterior cecal branch supplies the poste- 
rior cecal surface. The ileal branch anasto- 
moses in the mesentery with the end of the 
superior mesenteric artery, thus forming a sin- 
gle, or sometimes a double, tier of arches from 
which vasa recta pass to the last 6 inches of 
ileum. 

The appendicular artery usually arises from 
the posterior cecal branch, descends behind 
the ileum and runs in the free border of the 
mesentery of the appendix (Fig. 390). There- 
fore, bleeding from the appendicular artery 
is retro-ileal and not retrocecal. The ascending 
branch of the ileocolic artery anastomoses 
with the right colic artery. 

The inferior mesenteric artery supplies the 
descending and the sigmoid colons and the 
proximal part of the rectum. It does this by 
means of its left colic, sigmoid and superior 
hemorrhoidal branches. It arises from the 
front of the aorta about 1% inches above its 
bifurcation. This origin is located approxi- 
mately % inch above the umbilicus and in 
front of the third lumbar vertebra. It is smaller 
than the superior mesenteric artery, has a 
more limited distribution and is surrounded 
by the inferior mesenteric plexus of nerves 
which is derived from the aortic plexus. Its 
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veins lie to its lateral side but is not in close 
contact with it. (The 2 mesenteric arteries are 
situated between the 2 mesenteric veins.) As 
it passes downward it inclines somewhat to 
the left, lying on the aorta and the psoas fascia, 
then crosses the left common iliac artery and 
enters the pelvis as the superior hemorrhoidal 
(superior rectal) artery. As it descends it gives 
off the left colic, sigmoid and superior hemor- 
rhoidal branches. 

The left colic artery (Fig. 404) arises about 
1% inches along the stem of the inferior mes- 
enteric artery below the duodenum, passes 
subperitoneally to the left and crosses the tes- 
ticular vessels, the ureter and the inferior mes- 
enteric vein. It divides into ascending and de- 
scending branches. 

The sigmoid artery also has been referred 
to as the inferior (lower) left colic artery. The 
sigmoid branches are usually 3 or 4 in number 
and supply the descending and the pelvic co- 
lons. As they pass to the left side they divide 
and anastomose with each other. The lowest 
sigmoidal branch is connected to the superior 
hemorrhoidal vessel by a very small branch. 

Because of this supposed weak link, there 
was thought to be little or no anastomotic con- 
nection between the superior hemorrhoidal 
and the sigmoidal vessels. This “weak spot” 
has been called the “critical point of Sudeck.” 

Formerly, it was believed that ligation of 
the superior hemorrhoidal artery below the 
origin of the lowest sigmoidal artery would 
produce a necrosis of the rectosigmoid and 
the upper part of the rectum. The “critical 
point of Sudeck”’ was discussed in connection 
with this. It was thought that the marginal 
artery, which runs parallel with the colon, 
ends abruptly in the region of the lower sig- 
moid and does not anastomose with the blood 
supply from below. Dixon is of the opinion 
that although this might appear to be true, 
it actually is not; hence, he definitely states 
that the superior hemorrhoidal artery can be 
ligated and even some of the marginal artery 
resected without damaging the blood supply 
to the remaining portion of the descending 
colon, the rectosigmoid or the rectum. He fur- 
ther states that all of the colon which lies be- 
low the brim of the true pelvis remains viable 
without the superior hemorrhoidal or mar- 
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Fig. 404. Arterial blood supply of the sigmoid and the rectum. 


ginal arteries. Dixon is of the opinion that the 
distal part of the bowel is adequately supplied 
by the middle and the inferior hemorrhoidal 
arteries. Based on this, he has described a radi- 
cal anterior resection of the lower part of the 
sigmoid colon and the rectosigmoid in which 
he reestablishes the continuity of the large 
bowel. In this way sphincteric action is pre- 
served. 

The inferior mesenteric artery continues 
beyond the origin of the lowest sigmoid artery 
as the superior hemorrhoidal artery (Fig. 404). 
The latter continues downward into the pelvis 
behind the rectum; it divides into right and 
left branches which subsequently anastomose 
with the middle and the inferior hemorrhoidal 
vessels in the submucous layer of the anal ca- 
nal. 

The so-called marginal “artery” of Drum- 
mond is formed from the vessels which supply 
the large intestines. These are the following: 


the end of the superior mesenteric and the 
adjacent branches of the ileocolic, the right 
colic, the middle colic, the upper left colic 
and the lower left colic (sigmoid). By anasto- 
mosing with each other, these vessels form 
an “artery” which passes along the margin 
of the large intestine and is known as the mar- 
ginal “artery” of Drummond; it extends from 
the end of the ileum to the end of the pelvic 
colon. It is situated about a % inch from the 
margin of the large bowel, is closest to the 
descending and the pelvic colons and is capa- 
ble of supplying the gut by means of its anasto- 
moses even though one of the large feeding 
trunks may be ligated. 

The arteries which supply the rectum and 
the anal canal are the superior, the middle 
and the inferior hemorrhoidals and the mid- 
dle sacral arteries. These vessels form rich 
anastomoses around the anorectal region. 

The superior hemorrhoidal artery is a direct 
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Fig. 405. Venous drainage of the sigmoid, the rectum and the anus. 


continuation of the inferior mesenteric and 
is the largest and most important of the rectal 
vessels. After leaving the pelvic mesocolon, 
it reaches the posterior wall of the rectum, 
at the upper part of which it divides into 2 
lateral branches; these enter the muscular 
coat and divide into numerous smaller 
branches. The latter anastomose freely with 
the inferior and the middle hemorrhoidal ar- 
teries and supply the entire length of the anal 
canal and the rectum. 

The middle hemorrhoidal arteries arise, 
one on each side, from the anterior division 
of the internal iliac (hypogastric) artery. They 
reach the lateral surface of the rectum en- 
closed within the visceral pelvic fascia, 
thereby forming the lateral ligaments of the 


rectum (Fig. 404). They are distributed chiefly 
to the lower and the anterior parts of the rec- 
tum, and they also supply the base of the blad- 
der and the upper part of the vagina. 

The inferior hemorrhoidal arteries arise, 
one on each side, from the internal pudic (pu- 
dendal) arteries which travel in Alcock’s canal 
(Fig. 403). They supply the anus and the lower 
part of the rectum, mainly at its posterior as- 
pect. 

The middle sacral artery arises from the 
abdominal aorta near its termination and con- 
tinues downward in the median plane on the 
posterior surface of the rectum, which it sup- 
plies by means of a few small twigs. The supe- 
rior hemorrhoidal artery supplies the entire 
internal surface and the upper half of the ex- 
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ternal surface of the rectum, and the middle 
and the inferior hemorrhoidal arteries supply 
the external surface of the lower half. 


Veins. The rectal veins are arranged in a simi- 
lar manner to the arteries but differ from 
those of the other divisions of the large bowel 
in that they form a hemorrhoidal plexus 
within the thickness of the bowel (Fig. 406). 
This plexus is developed best in the anal re- 
gion; it begins inferiorly at the internal margin 
in a number of small veins which increase in 
size and number as they ascend. In the anal 
canal the plexus chiefly occupies the columns 
of Morgagni. 

In the upper part of the rectum the venous 
trunks traverse the muscular layer and end 
exteriorly where they unite to form the supe- 
rior hemorrhoidal vein. This vein drains into 
the inferior mesenteric vein and finally into 
the portal vein; hence, the greater part of 
blood from the rectum and the anal canal joins 
the portal circulation. 

The middle hemorrhoidal vein chiefly 
drains the external surface of the rectum in 
its lower half. It accompanies the artery of 
the same name and terminates in the internal 
iliac vein. 

The inferior hemorrhoidal vein drains the 
lower part of the anal canal and joins the inter- 
nal pudic (pudendal) vein, which empties into 
the internal iliac vein. 

Certain structural factors are important in 
the development of varicosities of these veins 
which are known as hemorrhoids. They are 
the absence of valves and the oblique passage 
of the veins through the muscular wall; since 
the greater part of the venous blood of the 
rectum returns to the portal circulation, any 
portal obstruction alters the return flow. 

The superior mesenteric vein lies on the 
right side of its artery (Fig. 403). It begins at 
the lower end of the root of the mesentery, 
passes upward and to the left and receives 
tributaries which correspond to the branches 
of the superior mesenteric artery. The right 
gastroepiploic vein from the greater curva- 
ture of the stomach also empties into it. It 
leaves the root of the mesentery, crosses in 
front of the 3rd part of the duodenum and 
the uncinate process of the pancreas and ter- 
minates behind the neck of the pancreas by 
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joining the splenic vein to form the portal 
vein. 

The inferior mesenteric vein is a continua- 
tion of the superior rectal (hemorrhoidal); it 
passes upward on the posterior abdominal 
wall to the left side of the inferior mesenteric 
artery. It receives tributaries which corre- 
spond to the branches of the artery, then 
curves to the right above the duodenojejunal 
flexure, passes behind the body of the pan- 
creas and joins the splenic vein. The branches 
of the lower and the upper left colic artery 
cross either in front or behind it (Fig. 406), 
but the testicular artery and the genitofemo- 
ral nerve always cross behind it. 

The portal vein is formed behind the neck 
of the pancreas by the union of the superior 
and the inferior mesenteric veins and the 
splenic veins (Fig. 407). It passes upward and 
to the right behind the first part of the duode- 
num, and at the upper border of the duode- 
num it enters and ascends in the lesser omen- 
tum; it then divides into right and left 
branches. In its course it receives the left and 
the right gastric veins from the lesser curva- 
ture of the stomach, as well as the pancreatico- 
duodenal vein. 
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Fig. 406. The upper end of the inferior mesenteric 
vein. 
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Fig. 407. The portal system of veins. The usual pattern of this system is presented; however, many 


variations are possible. 


Although this pattern of the formation of 
the portal vein is described frequently, it must 
be emphasized that many other patterns are 
possible (Fig. 408). Rousselot has emphasized 
the importance of such variations in the clini- 


cal behavior of patients suffering with con- 
gestive splenomegaly (Banti’s syndrome). 
The portal vein delivers to the liver blood 
which has circulated through the spleen, the 
pancreas and through the whole length of the 
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Fig. 408. Variations in the pattern of the portal 
system. These variations have been taken from 
some of the standard textbooks in anatomy. 


alimentary tract from the lower end of the 
esophagus to the upper end of the anal canal. 
The hepatic veins carry blood from the liver 
to the inferior vena cava, which lies in a 
groove on the posterior aspect of that organ. 
When the liver becomes diseased, the portal 
vein may become obstructed, as in cirrhosis 
of the liver. Communications exist between 
the portal vein and the inferior vena cava (por- 
tacaval communications) (Figs. 407 and 409). 
These anastomoses exist but do not function 
unless obstruction to the portal vein, either 
in its intraperitoneal or intrahepatic course, 
is present. Such communications have been 
referred to as the accessory portal system, and 
are found at the following places. 

1. At the lower end of the esophagus the 
esophageal branches of the left gastric veins 
(portal) anastomose with the esophageal 
branches of the azygos veins (caval). In portal 
obstruction these esophageal veins may be- 
come varicosed and dilated and produce large 
varices which project into the esophageal mu- 
cosa. Since they are unsupported, they may 
rupture when the patient is in apparently 
good health; this results in an exsanguinating 
hemorrhage; they have been referred to as 
“esophageal piles.” 

2. In the bare area of the liver small veins, 
known as the veins of Retzius, unite the dia- 
phragmatic veins (caval) with the hepatic 
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Fig. 409. Sites of anastomoses between the portal 
and the caval systems: (A) at the lower end of the 
esophagus; (B) at the bare area of the liver and 
the retroperitoneal structures; (C) at the lower end 
of the rectum; (D) at the umbilicus. 


veins (portal). To this group belong the retro- 
peritoneal veins which lie about the abdomi- 
nal viscera (liver, suprarenals, duodenum, 
pancreas, ascending and descending colons, 
etc.). They divert the blood into such caval 
veins as the lower intercostals, diaphragmatic, 
lumbar, epigastric and iliolumbar. 

3. At the lower end of the rectum the superior 
hemorrhoidal (rectal) vein becomes the infe- 
rior mesenteric which drains into the portal 
vein. The inferior and the middle hemor- 
rhoidal veins empty into the hypogastric (ca- 
val) vein. In obstructions of the portal system 
the veins in the rectum become dilated, and 
the blood passes into the caval channels. These 
dilated vessels form hemorrhoids (piles). 

4. Around the umbilicus, veins passing along 
the falciform ligament to the umbilicus con- 
nect the veins of the liver (portal) with the 
epigastric veins around the umbilicus (caval). 
Enlargement of these veins produces the so- 
called caput Medusae. 

Although connections exist between these 
two venous systems, they seldom suffice to 
produce a portal compensation when the por- 
tal system is obstructed. In an attempt to com- 
municate the portal and the caval systems, 
surgical procedures which result in portacaval 
and splenorenal shunts are now being done. 
At present the results of these operations are 
quite encouraging. 
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Hemorrhoidectomy 


Hemorrhoids or piles are varicosities of the 
hemorrhoidal veins. Internal hemorrhoids, or 
varices of the superior and the middle hemor- 
rhoidal veins, are covered by mucous mem- 
brane and are above the pectinate line. Exter- 
nal hemorrhoids are dilations of the inferior 
hemorrhoidal veins, are covered by skin and 
appear below the pectinate (dentate) line (Fig. 
410). An external pile is usually associated with 
each of the 3 primary internal hemorrhoids 
(3, 7 and 11 o'clock). Therefore, in doing a 
hemorrhoidectomy a hemostat is placed on 
the external hemorrhoid; this is elevated, and 
an incision is made in the skin. This dissection 
is carried to the mucocutaneous junction, and 
a clamp is placed on the entire internal pile. 
A suture is passed beneath the tip of the clamp 
and tied; this ligates the nutrient artery. The 
pile above the clamp is removed, and an over- 
and-over suture replaces the hemostat. The 
suture is made taut, and the 2 ends are tied 
together. 


Ischiorectal Abscess and Fistulas 


Many authorities are of the opinion that an 
ischiorectal abscess and a fistula-in-ano result 
from an infected crypt of Morgagni. The infec- 
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Fig. 410. Internal and external hemorrhoids. 
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Fig. 411. Types of fistulae-in-ano. The fistula may 
burrow above, below or through the sphincter ani 
muscle. Number 4 represents the horseshoe type 
of fistula. 


tion may burrow above, below or through the 
sphincter ani muscle (Fig. 411). As a result 
of this burrowing, the ischiorectal fossa is 
reached, and here an ischiorectal abscess de- 
velops. This may open spontaneously or is 
opened surgically, but in either event a fistula- 
in-ano with its external opening results. The 
internal opening corresponds to the infected 
crypt. Successful treatment of such fistulas de- 
pends on the eradication of the internal open- 
ing as a primary focus of infection and removal 
of the fistulous tract. If the tract is subcutane- 
ous, a fistulectomy can be done. However, if 
the tract lies deeper and has many ramifica- 
tions, a wide excision with healing by second- 
ary intention becomes the method of choice. 


Lymphatics of the Colon 


G. Gordon Taylor has remarked that the sur- 
gery of cancer is the surgery of the lymphatic 
system; therefore, a thorough understanding 
of the regional lymph drainage aids the sur- 
geon when operative intervention is contem- 
plated. In the case of the colon, the involved 
bowel should be resected well to either side 
of the malignant growth, together with the 
lymphatic channels which drain the affected 
parts (Fig. 412). Since the removal of the main 
artery to a segment of bowel may devitalize 
that portion of the intestine, it becomes neces- 
sary to resect a considerable length of colon. 
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Fig. 412. Lymph drainage of the colon. These 
lymphatics mainly follow the course of the chief 
blood vessels. Most of the lymph drainage is to the 
group of glands located around the upper part of 
the superior mesenteric artery; from here the effer- 


ent vessels drain to the main intestinal lymph 
trunk. 


Therefore, typical lesions result in typical re- 
section patterns (Fig. 413): 

l. Cancer of the cecum and the ascending co- 
lon. The blood vessel which supplies this part 
of the colon is the ileocolic branch of the supe- 
rior mesenteric artery; it supplies the last 6 
to 8 inches of the ileum, the cecum, the as- 
cending colon and the hepatic flexure. There- 
fore, in this resection it becomes necessary 
to remove the terminal 6 inches of ileum, the 
cecum, the ascending colon and the hepatic 
flexure, since these associated lymphatics 
should be included. 

2. Cancer of the hepatic flexure. This flexure 
is supplied by the right colic and the middle 
colic arteries. As for cancer of the ascending 
colon and the cecum, the amount to be re- 
moved is essentially the same as that previ- 
ously described, since the lymph drainage and 
the blood supply are the same. 
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3. Cancer of the transverse colon. This part 
of the large intestine is supplied by the middle 
colic branch of the superior mesenteric artery. 
It is necessary to remove from 3 to 4 inches 
to either side of the growth, thereby removing 
the lymph-draining area. 

4. Cancer of the splenic flexure. The splenic 
flexure is supplied by the left colic branch of 
the inferior mesenteric artery. The area sup- 
plied by the left colic includes the colon from 
the junction of the middle and the left thirds 
of the transverse colon to the middle of the 
descending colon; therefore, this area must 
be removed. 

5. Cancer of the descending colon. This por- 
tion of the colon is supplied by the left colic 
and the upper sigmoid branch of the inferior 
mesenteric artery. Resection which is neces- 
sary here is the same as for the splenic flexure 
plus the upper half of the pelvic colon. 

6. Cancer of the iliac colon. The iliac colon 
is supplied by the upper and the lower sig- 
moid arteries. Resection involves the removal 
of the lower half of the descending colon, the 
iliac colon and the upper half of the pelvic 
colon. 

7. Cancer of the pelvic colon. This portion 
of the colon is supplied by the sigmoid and 
the superior hemorrhoidal branches of the in- 
ferior mesenteric artery. In carcinoma of this 
portion of the bowel it is desirable to resect 
the middle of the descending colon where the 
left colic area begins. The lower extent of this 
resection naturally varies with the situation 
of the growth. If the growth is situated fairly 
high in the pelvic colon, the resection is ac- 
complished near the pelvirectal junction with 
an anastomosis of the divided ends of bowel; 
however, if the lesion is low in the pelvic co- 
lon, the rectum also may require excision. 

8. Cancer of the rectum. This part of the large 
bowel is involved in half of all cases of carci- 
noma of the colon. W. E. Miles has described 
3 zones of lymphatic spread in carcinoma of 
the rectum: downward, lateral and upward 
(Fig. 414). 

The downward spread involves the peri- 
neal skin, the ischiorectal fat and the external 
sphincter ani muscle. This set of lymph vessels 
constitutes the lowest of the 3 sets and is situa- 
ted between the white line and the anal ori- 
fice. 
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Fig. 413. Extent of resection necessary in malig- 
nant lesions involving portions of the large bowel. 
(A) Carcinoma of the cecum or the ascending colon 
requires removal of the terminal 6 or 8 inches of 
the ileum, the cecum, the ascending colon and the 
transverse colon up to the middle colic artery. (B) 
Carcinoma of the transverse colon requires re- 
moval of enough bowel to incorporate from 3 to 
4 inches of normal tissue to either side of the 
growth. (C) Carcinoma of the splenic flexure re- 
quires removal of the colon from the junction of 
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the middle and the left thirds of the transverse 
colon to the middle of the descending colon. (D) 
Carcinoma of the descending colon requires resec- 
tion similar to that used for splenic flexure carci- 
noma, plus the removal of the upper half of the 
pelvic colon. (E) Carcinoma of the pelvic colon re- 
quires removal of the middle of the descending 
colon to the region of the pelvirectal junction. (F) 
Carcinoma of the rectum requires removal of the 
bowel distal to the lower part of the sigmoid. 
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Fig. 414. Lymphatic drainage of the rectum. The 
arrows indicate the 3 zones of lymphatic spread. 
Zone l travels upward; Zone 2 laterad, between 
the pelvic fascia and the levator ani muscle; Zone 
3 spreads downward. 


The lateral spread of lymph vessels consti- 
tutes the middle zone, which is situated be- 
tween the levator ani and the pelvic fascia. 
It includes the levator ani muscle, the sacral 
and the internal iliac glands, the base of the 
bladder and the seminal vesicles. In the fe- 
male, the posterior vaginal wall, the cervix 
and the base of the broad ligaments also are 
involved. Occasionally, there is a lymph gland 
which is situated on the uterine artery where 
it crosses the ureter (Toirier’s gland). 

The upward flow of lymphatics involves the 
pelvic peritoneum, the pelvic mesocolon and 
the glands at the bifurcation of the left com- 
mon iliac artery. These vessels follow the 
course of the superior hemorrhoidal arteries. 
Although the 3 systems drain in different di- 
rections, they communicate freely. 

Lymph from the anal canal and the adjoin- 
ing part of the rectum in general follows two 
courses (Fig. 415). The lymph vessels from the 
lower part of the anal canal pass downward 
and forward across the perineum and then 
travel along the vulva or the scrotum to the 
inner margin of the thigh and in this way 
reach the superficial inguinal lymph nodes. 
Lymph from the upper part of the anal canal 
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and the rectum passes upward to the preaortic 
nodes, which are associated with the inferior 
mesenteric group of nodes. If this is kept in 
mind, it can be understood readily that in- 
volvement of the superficial inguinal glands 
could be associated only with a lesion ex- 
tremely far down in the terminal part of the 
anal canal. 

Gilchrist and David found retrograde me- 
tastases to the level of 4 cm. below the primary 
lesion in 2 cases out of 22. However, in both 
of these cases the lymph nodes above the le- 
sion were completely blocked with carcino- 
matous cells. 

If a rectal lesion as well as its associated 
lymphatics is to be removed, the extent of 
the operation is great. It would be necessary 
to remove most of the pelvic colon and the 
mesocolon, the rectum, the anus, the sur- 
rounding skin, the fat of the ischiorectal fossae 
and the levator ani muscles. 


Nerve Supply of the Colon 


The nerve supply to the large bowel is derived 
from the autonomic nervous system, except 
for the lower end of the anal canal, which is 
supplied by the inferior hemorrhoidal nerve 
(Figs. 416 and 417). Therefore, the colon has 
both sympathetic and parasympathetic fibers. 





Fig. 415. Lymph drainage of the anal canal and 
the lower rectum. The arrows indicate the two 
main courses of lymph flow. Lymph from the lower 
part of the anal canal passes across the perineum 
to the superficial inguinal nodes. Lymph from the 
upper part of the anal canal passes upward to the 
inferior mesenteric nodes. 
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The sympathetic fibers are derived from the 
lower thoracic and the upper lumbar seg- 
ments of the spinal cord. They reach the sym- 
pathetic chain via corresponding white rami 
communicantes. The thoracic fibers then pro- 
ceed to the celiac plexus by way of the lesser 
splanchnic and possibly the lowest splanchnic 
nerves. From here they proceed to the supe- 
rior mesenteric plexus by way of communicat- 
ing nerves. The fibers which supply the ce- 
cum, the appendix, the ascending and the 
transverse colons originate in the superior 
mesenteric ganglia, from which nerves pass 
along the superior mesenteric artery to reach 
the bowel. Some of the other nerve fibers 
which leave the superior mesenteric ganglion 
join the intermesenteric nerves anterior to the 
aorta. The lumbar sympathetic nerves leave 
the sympathetic chain via the lumbar splanch- 
nic nerves and join the intermesenteric 
nerves. The fibers to the descending colon, 
the sigmoid colon and the upper rectum origi- 
nate in the inferior mesenteric plexus and fol- 
low the course of the inferior mesenteric ar- 
tery to the bowel wall. The intermesenteric 
nerves pass downward, anterior to the bifurca- 
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Fig. 416. Nerve supply of the large bowel. 
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Fig. 417. Side view of the nerve supply to the 
lower part of the large bowel and to the anal canal. 


tion of the aorta, as the hypogastric plexus. 
This plexus divides into right and left pelvic 
plexuses, each lying to one side of the rectum; 
these fibers supply the bladder, the prostate, 
the pelvic organs and also form the so-called 
rectal plexus. 

The parasympathetic fibers arise from both 
the vagus and the pelvic nerves; these are dis- 
tributed to the large bowel with the sympa- 
thetic fibers. The nervi erigentes are the sacral 
autonomic nerves which arise from the 2nd, 
the 3rd and the 4th sacral nerves. They join 
the pelvic plexuses on each side and are dis- 
tributed to the bowel with the sympathetic 
fibers. Some fibers follow the course of the 
left common iliac artery to the inferior mesen- 
teric artery and are distributed to the de- 
scending colon and the sigmoid. 

The pudendal nerve originates from the 
2nd, the 3rd and the 4th sacral nerves; it ac- 
companies the internal pudendal artery. It en- 
ters the perineum, runs in Alcock’s canal and 
gives off the inferior hemorrhoidal nerve, 
which reaches the external sphincter and the 
lower cutaneous part of the anal canal. 
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Cecostomy 


A cecostomy may be performed either as an 
emergency procedure for large bowel ob- 
struction or as an elective procedure prelimi- 
nary to operations on the colon. The so-called 
“blind” type of cecostomy is a simple and eff- 
cient method for decompression. A modified 
McBurney incision is made close to the ante- 
rior superior iliac spine, and the cecum is iden- 
tified and delivered. Two noncrushing clamps 
are placed on a longitudinal band, and a piece 
of gauze is placed between the cecum and 
the parietal peritoneum. The clamps are 
taped in place. At least 3 hours are permitted 
to elapse for walling-off, and then an incision 
is made between the clamps and into the ce- 
cum; a mushroom catheter is sewed into the 
cecal lumen. 


Colostomy. The Devine colostomy has been 
called a “defunctioning” operation because 
the contents of the proximal colon are pre- 
vented from entering the distal colon. Devine 
has resected successfully segments of the left 
half of the colon with primary suture of the 
sigmoid to a short rectal stump. 

In performing a loop colostomy, the portion 
of bowel selected is brought out through the 
incision, and a small opening is made in its 
mesentery near the bowel wall. Through this 
opening a tape or a rubber tube is passed for 
traction. The peritoneum is closed beneath 
the loop with 2 or 3 sutures; the anterior fascia 
and the skin also are sutured beneath the loop 
in the same manner. The closure of the wound 
is completed with interrupted sutures placed 
above and below the loop. A glass rod or a 
rubber tube is placed beneath the loop to pre- 
vent retraction. 


Resection of the Colon 


In malignant diseases involving the right side 
of the colon, a segment should be removed 
which includes the terminal 6 or 8 inches of 
the ileum, the cecum, the ascending colon, 
the hepatic flexure and part of the transverse 
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colon. Lesions which involve the colon in that 
part of bowel which is situated between the 
middle colic and the superior hemorrhoidal 
artery can be resected and anastomosed or 
exteriorized by means of the Mikulicz proce- 
dure. Lesions which involve the lower sig- 
moid, the rectosigmoid and the rectum usu- 
ally require an abdominoperineal operation, 
but some (Dixon and Devine) prefer to re- 
move the malignancy and attempt an anasto- 
mosis (Fig. 413). 

Resection of the right side of the colon is 
done for lesions which involve the terminal 
ileum, the cecum, the ascending colon, the 
hepatic flexure and the proximal third of the 
transverse colon (Fig. 418). A long right rectus 
incision is made, the ascending colon is pulled 
toward the midline, and the posterior parietal 
peritoneum is incised along the lateral para- 
colic gutter; an avascular, retrocolic cleavage 
plane is entered. This mobilizes the right co- 
lon so that it hangs by its original mesentery. 
As the medial dissection is continued, the 
spermatic (ovarian) vessels first come into 
view, and then the ureter, which usually re- 
mains adherent to the peritoneum; the retro- 
peritoneal portion of the duodenum must be 
separated from the mesentery of the upper 
part of the ascending colon (Fig. 418 B). The 
mesentery which holds the ileum, the ascend- 
ing colon and that part of the transverse colon 
which is to be removed is then clamped, cut 
and ligated; 2 clamps are placed on the ileum 
at the point where it is to be transected, and 
2 more clamps are placed on the transverse 
colon at the point where it is to be removed. 
The bowel between these clamps is severed. 
The anastomosis is accomplished by closure 
of the blind ends of the ileum and the colon, 
followed by a lateral anastomosis; closure of 
only the end of the colon with an end-to-side 
ileotransverse colostomy is preferred by some. 

Most neoplasms which are situated between 
the middle colic and the superior hemor- 
rhoidal arteries and involve the transverse co- 
lon, the splenic flexure, the descending colon, 
the sigmoid and at times the rectosigmoid may 
be removed by the Mikulicz exteriorization 
procedure or by resection with primary anas- 
tomosis. Both open and closed anastomoses 
have their advocates. 
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Fig. 418. Right hemicolectomy. This resection in- 
cludes the last 6 to 8 inches of ileum and is usually 
done for malignant neoplasms. (A) The amount of 
tissue to be removed. (B) Mobilization of the as- 
cending colon reveals the spermatic (ovarian) ves- 
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sels, the ureter and the duodenum. (C) Clamps ap- 
plied prior to the resection of the bowel. The major 
blood vessels have been divided and tied. (D) Lat- 


‘eral anastomosis between the terminal ileum and 
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Mikulicz and Miles Procedures 


Mikulicz Proceure. This involves exterioriza- 
tion of the bowel; some surgeons believe this 
is safer than a primary anastomosis (Fig. 419). 
The involved segment of bowel, with wide 
margins of normal tissue to either side of it, 
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is brought out of the wound and is exterior- 
ized. A spur is formed by suturing the afferent 
and the efferent loops of bowel together. The 
exteriorized bowel is removed, and at a later 
date the spur is crushed. The latter maneuver 
converts a double-barreled colostomy into a 
single-barreled colostomy. Some weeks later, 





Fig. 419. The Mikulicz (exteriorization) procedure. 
(A) The involved bowel (sigmoid in this case) is mo- 
bilized and exteriorized. A spur has been formed 
by suturing together the bowel that is proximal 


and distal to the lesion. (B) The involved segment 
is removed. (C) The spur is crushed. (D) The result- 
ing single-barreled colostomy. (E) The bowel is 
closed. 
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Fig. 420. Abdominoperineal resection: (A) long, 
lower left rectus incision; (B) both right and left 
leaves of peritoneum have been divided and then 
joined in the midline; (C) isolation of ureters, sper- 
matic vessels and superior hemorrhoidal artery; (D) 
the superior hemorrhoidal artery has been ligated 
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and divided, and the rectum is freed posteriorly 
to the tip of the coccyx; (E) mobilization of the 
rectum from its lateral attachments; (F) the sigmoid 
is divided between clamps; (G) the distal end of 
the divided sigmoid is placed deep into the pelvis. 
The sutured peritoneum forms a new pelvic floor. 
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this colostomy is closed, and the segment of 
bowel is replaced into the peritoneal cavity; 
in this way, bowel continuity is reestablished. 


Miles Procedure. Many operations have been 
devised for carcinoma of the rectosigmoid and 
the more distal lesions. A 1-stage abdomino- 
perineal resection (Miles) will be described 
(Figs. 420 and 421). 

A lower left rectus incision is made; this is 
carried well above the level of the umbilicus. 
The posterior parietal peritoneum lateral to 
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Fig. 421. Abdominoperineal resection (Contin- 
ued): (H) circular incision around the anus; (I) dis- 
section carried through the sphincter ani muscle; 
(J) the pelvic fascia is incised immediately below 
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the sigmoid is divided, and the sigmoid, the 
mesosigmoid and the descending colon are 
mobilized. Once this cleavage plane is en- 
tered, the mesosigmoid is freed almost to the 
midline, and 3 structures are identified. From 
left to right they are: the left spermatic 
(ovarian) vessels, the left ureter and the supe- 
rior hemorrhoidal vessels. At this stage the 
left ureter is in danger of being ligated when 
the superior hemorrhoidal vessels are tied; for 
this reason, the ureter should be identified and 
retracted. 
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the tip of the coccyx; (K) the levator ani muscles 
on both sides are divided; (L) dissection is com- 
pleted, and the involved segment is removed. 
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Then the left colic artery, the first and the 
second sigmoidal arteries and the superior 
hemorrhoidal artery are isolated; a point of 
division which ensures viability to the remain- 
ing sigmoid is selected. The sigmoid is re- 
flected to the left side, and the posterior pari- 
etal peritoneum is incised in a fashion similar 
to that used on the right side until this incision 
connects with the one made on the left. The 
right ureter is identified. A usual good guide 
for the level of ligation of the superior hemor- 
rhoidal artery is the promontory of the sac- 
rum; this permits preservation of the remain- 
ing sigmoidal blood supply. When the superior 
hemorrhoidal vessels have been divided, a 
cleavage plane is easily found between the 
posterior surface of the bowel and the sacrum. 
With the hand kept as close to the sacrum 
as possible, a loose areolar space is entered, 
and the rectum is freed as low as the tip of 
the coccyx; this mobilizes the rectum posteri- 
orly. 

Next the operation is directed toward free- 
ing the rectum anteriorly. In the male, a cleav- 
age plane is found between the prostate and 
the bowel; in the female, between the uterus 
and the bowel. This dissection is carried down- 
ward until the seminal vesicles are seen in 
the male or until the tip of the cervix can 
be felt in the female. With the bowel freed 
anteriorly and posteriorly, only its lateral at- 
tachments remain, namely, the so-called lat- 
eral or suspensory ligaments. These contain 
the middle hemorrhoidal vessels as they pass 
to the lateral bowel wall on each side. Some 
surgeons believe it unnecessary to ligate these 
vessels; however, it makes for cleaner and 
safer surgery to clamp, cut and place a ligature 
around them. Following these maneuvers, the 
bowel is detached completely from its ante- 
rior, posterior and lateral attachments. Once 
the bowel is freed completely, 2 clamps are 
placed on the sigmoid, and the bowel is di- 
vided between these. The proximal clamp re- 
mains on the permanent colostomy. The distal 
bowel is folded on itself and is turned down 
into the true pelvis so that it comes to lie in 
the hollow of the sacrum. The peritoneum is 
freed from the bladder, and a new pelvic floor 
is made by suturing this mobilized perito- 
neum. In the female, instead of dissecting the 
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peritoneum off of the bladder, the uterus and 
the adnexae may be used as the anterior flap 
and the peritoneum as a posterior one. The 
wound is closed around the permanent colos- 
tomy. The patient is placed on his left side, 
back or abdomen for the perineal part of the 
operation. 

An incision is made around the anus so that 
it passes over the sacrococcygeal joint and 
meets in the perineum (Fig. 421 H). This inci- 
sion is deepened, and the inferior hemor- 
rhoidal vessels are ligated. A transverse inci- 
sion is made just below the tip of the coccyx, 
and the deep pelvic fascia (fascia propria) is 
identified and incised. This enters the presa- 
cral space which has been dissected previ- 
ously. A finger is placed laterally so that the 
upper surface of the levator ani muscle is felt 
and divided at its posterior two thirds. The 
same is done on the opposite side. The entire 
distal bowel segment can then be withdrawn 
easily, the transverse perinei muscles are se- 
vered, and the anterior portion of the levators 
is divided. This leaves the bowel attached an- 
teriorly for a short distance either to the mus- 





Fig. 422. A sliding hernia seen through a sagittal 
section on the right side. Both visceral and parietal 
peritoneum form the sac. The blood vessels are 
in the properitoneal fat layer. 
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Fig. 423. Sliding hernia. (A) This figure is used for 
comparison to show the formation of a typical in- 
guinal hernia sac. (B) The posterior parietal perito- 
neum lateral to the sigmoid will pass through the 
internal inguinal ring; this results in an unfolding 
of the peritoneal leaves which form the mesosig- 
moid. (C) On opening the peritoneum, one finds 
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the colon occupying the apex of the sac. The conti- 
nuity of the peritoneum is over the colon and con- 
tinues along the posterior wall of the sac. (D) If a 
laparotomy is performed and the sigmoid is drawn 
into the peritoneal cavity, the opening which previ- 
ously has been made in the “sac” becomes a defect 
in the lateral leaf of the mesosigmoid. 
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cles over the membranous urethra or the va- 
gina. A cleavage plane is found, the bowel is 
removed, and all bleeding points are con- 
trolled. The wound may be drained or closed 
tightly. 


Sliding Hernia 


Sliding hernia has been defined as the extru- 
sion of an organ (ascending, descending or sig- 
moid colons) in such a way that the visceral 
peritoneum forms part of the sac (Fig. 422). 
Therefore, attempts to isolate the sac as in 
indirect inguinal hernia are impossible. R. R. 
Graham is of the opinion that the formation 
of such a hernia is the result of a pushing 
mechanism which shoves the posterior pari- 
etal peritoneum lateral to the sigmoid so that 
it appears at the internal ring. As a result of 
this, the mesosigmoid unfolds, and the sigmoid 
comes to lie at the apex of the hernia (Fig. 
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423). The vessels then lie behind the colonic 
segment and are exposed to injury if they are 
mistaken for adhesions and if dissection is car- 
ried in this plane. If one attempts to separate 
such “adhesions,” encroachment on the blood 
supply of the colon may result in devitaliza- 
tion of the bowel. Since complete reduction 
of the contents, high ligation of the sac and 
proper repair are impossible in this type of 
hernia, another method must be sought. Mos- 
chowitz suggested that the peritoneal cavity 
also be opened and the sigmoid be drawn back 
into it through the abdominal incision. It then 
is noted that the opening which has been 
made in the hernial sac through the inguinal 
incision is truly an incision in the anterior (lat- 
eral) layer of mesosigmoid. This defect is 
closed. Following this, no hernial sac is pres- 
ent. The abdominal wound is closed, and the 
inguinal canal is repaired by one of the routine 
methods. 


SECTION 4 


ABDOMEN 


Chapter 24 


Liver (Hepar) 


Embryology 


The hepatic diverticulum is the primordial 
outgrowth of cells destined to form the secre- 
tory tubules of the liver, its duct system and 
the gallbladder. It arises ventrally during the 
4th week from the entodermal lining of the 
gut, and when it is first recognizable, it lies 
just caudad to the heart. A maze of anastomos- 
ing and branching cell cords grows ventrad 
and cephalad. The distal portions of these 
cords give rise to the secretory tubules of the 
liver, and their proximal portions form the 
hepatic ducts. The growing hepatic tubules 
push between the 2 layers of splanchnic meso- 
derm which form the ventral mesentery and 
spread these 2 layers apart. The investing me- 
sodermal layers form the fibrous connective 
tissue capsule of the liver and the interstitial 
connective tissue of the liver lobules. 

At about the 3rd week the vitelline veins 
of the yolk sac pass through the septum trans- 
versum to the sinus venosus. The vitelline 
veins divide and intermingle with the liver 
cords to form an irregular mass of sinusoids. 
The terminal ends of these veins project out 
of the liver and enter the sinus venosus. A 
series of anastomoses take place between the 
vitelline veins. In the liver the 2 veins commu- 
nicate ventral to the duodenum. Near the 
liver there is another anastomosis, which is 
located dorsal to the duodenum, and below 
this there is a 3rd, which is again ventral to 
the duodenum (Fig. 424). 

Because of partial atrophy of the vitelline 
veins, there develops an “S-shaped vessel 
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that passes around the gut and toward the 
liver. By this time, the yolk sac and part of 
the vitelline veins atrophy. The remainder of 
these veins persists as the superior mesenteric 
vein; with the splenic vein it enters into one 
of the ventral anastomoses, thus forming the 
portal vein. The right vitelline vein distal to 
the anastomosis disappears. 

The umbilical veins on their way to the sinus 
venosus contact the growing right and left 
lobes of the liver. The liver taps the blood 
from these veins which now mixes freely with 
the blood from the vitelline veins of the sinu- 
soids. As a result of this, the original connec- 
tions of the umbilical veins to the sinus veno- 
sus atrophy. By the 6th week the right 
umbilical vein becomes smaller and gradually 
disappears. Therefore, placental blood is 
drained by only the left umbilical vein into 
the liver. Simultaneously, the opening of the 
sinus venosus is shifted to the right side. The 
large amount of blood entering the liver via 
the right umbilical vein takes a diagonal pas- 
sage across the sinusoids and toward the right 
side of the sinus venosus. This new channel 
is known as the ductus venosus. 

The part of the right vitelline vein which 
is situated between the liver and the sinus 
venosus becomes the main passageway of the 
veins entering the heart. It forms the terminal 
part of the inferior vena cava. The corre- 
sponding proximal part of the left vitelline 
vein disappears. After birth, the umbilical 
vein obliterates, and its remnant, the ligamen- 
tum teres, remains as a fibrous cord between 
the umbilicus and the liver. The ductus veno- 
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Fig. 424. The embryology of the liver. 


sus becomes the solid ligamentum veno- 
sum. 


The Liver Proper 


The liver is the largest gland in the body; it 
is extremely vascular and has many functions 
to perform (Fig. 425). It receives its arterial 
blood supply from the hepatic artery, and the 
portal vein conveys blood to it from the intes- 
tinal tract. The blood of the liver is drained 
by the hepatic veins, which open into the infe- 
rior vena cava. 

This organ resembles the shape of a pyra- 


mid, the base being to the right and the apex 
to the left; the sides of the pyramid are formed 
by the superior, the inferior, the anterior and 
the posterior surfaces. In the adult it consti- 
tutes approximately 1/50th of the body 
weight; it occupies the uppermost part of the 
abdomen, chiefly on the right side. The organ 
is in close relation with the diaphragm and 
is covered by the ribs, which afford it some 
protection. 

At birth the liver is relatively larger. This 
is especially true of the left lobe; the promi- 
nent bulging of an infant’s abdomen is mainly 
due to the large size of the gland. 

The falciform ligament of the liver is a wide 
fold of peritoneum which lies obliquely be- 
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Fig. 425. The liver: (A) seen from in front, the right lobe is pulled toward the midline to place the 
right triangular ligament on a stretch; (B) seen from behind; (C) the inferior surface. 
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tween the liver and the anterior abdominal 
wall. The right surface of this ligament is in 
close contact with the abdominal wall, and 
the left surface is in contact with the liver. 
The ligament has 3 borders: an upper border 
which is attached to the diaphragm and to 
the anterior abdominal wall as far as the um- 
bilicus; the 2nd border is attached to the up- 
per and the anterior surfaces of the liver, di- 
viding it into right and left lobes; the third 
border is a free edge where the 2 layers of 
the ligament become continuous with each 
other. The round ligament (ligamentum teres) 
passes in this free edge. 

If the left lobe of the liver is pulled away 
from the diaphragm, a fold of peritoneum, 





Fig. 426. The so-called “true” lobation of the liver. 
The heavy line divides the liver into right and left 
lobes. This division corresponds to the distribution 
of the right and the left hepatic ducts, the right 
and the left hepatic arteries and the right and the 
left branches of the portal vein. It should be noted 
that the caudate lobe belongs to both right and 
left liver lobes. 
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the left triangular ligament, is placed on the 
stretch. It connects the left hepatic lobe to 
the diaphragm and presents 3 borders. One 
border is attached to the back of the upper 
surface of the left lobe; the 2nd is attached 
to the central tendon of the diaphragm and 
the 3rd is a free edge that is directed toward 
the left where the 2 layers of the ligament 
are continuous with each other (Figs. 430 and 
431). 

If the fingers of the right hand are passed 
backward over the top of the right lobe, they 
are stopped by a layer of peritoneum which 
is known as the upper layer of the triangular 
(coronary) ligament (Fig. 430). This is re- 
flected from the back of the right lobe onto 
the diaphragm. 

If the fingers of the left hand are passed 
upward behind the right part of the right lobe 
and pressed backward, they will be stopped 
by the lower layer of the triangular (coronary) 
ligament. The lower layer is reflected from 
the inferior surface of the liver onto the right 
kidney, the adrenal gland and the inferior 
vena cava; it also is referred to as the hepatore- 
nal ligament. Below this ligament is a perito- 
neal space known as the hepatorenal pouch 
(Morison’s). 

The upper and the lower layers of the coro- 
nary ligament approximate each other at the 
right extremity of the liver, and where they 
fuse they form the right triangular ligament. 
This ligament is not as well marked as the 
left, because its 2 layers diverge so rapidly. 

Between the 2 layers of the coronary liga- 
ment there is a fairly large triangular area of 
liver which is devoid of peritoneum and is 
known as the bare area; it is attached directly 
to the diaphragm by areolar tissue. The apex 
of this bare triangular area corresponds to the 
meeting point of the 2 layers of the coronary 
ligament on the right where they form the 
right triangular ligament. The base of the tri- 
angle is formed by the fossa for the inferior 
vena cava. The bare area is in contact with 
the inferior vena cava, the upper part of the 
right suprarenal gland and the diaphragm. It 
is connected to the liver by connective tissue 
in which are found the veins of Retzius, which 
form a portasystemic anastomosis (Fig. 409). 

The student’s “crutch,” the time-honored 
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Fig. 427. Complete drawing of the prevailing pattern of the bile ducts and the liver segments as seen 


from above. (After Healey and Schroy) 


letter “H,” is formed by structures which lie 
on the inferior surface of the liver (Fig. 425 
C). The left limb of the letter “H” divides this 
surface into right and left lobes. It contains 
embryonic structures, namely, the fissure for 
the ligamentum teres (left umbilical vein) in 
front and the fissure for the ductus venosus 
behind. Fetal blood is returned from the pla- 
centa to the fetus by means of the umbilical 
vein, which enters the abdomen at the umbili- 
cus, passes upward along the free margin of 
the falciform ligament to the undersurface of 
the liver. At the transverse fissure of the liver 
(porta hepatis) it divides into 2 branches; one 
of these joins the portal vein and enters the 
right lobe, the other joins the ductus venosus, 
thereby shortcircuiting the blood to the infe- 
rior vena cava (Fig. 432). Therefore, since the 
umbilical vein and the ductus venosus were 
continuous with each other in fetal life, it is 
quite natural that their adult landmarks (liga- 


mentum teres and ligamentum venosum) 
should also be continuous, thereby forming 
the left limb of the “H.” 

The right limb of the “H” contains visceral 
structures, the fossa for the gallbladder in 
front and the inferior vena cava behind. The 
transverse part of the “H” is formed by the 
porta hepatis (the transverse fissure) and this 
contains, from before backward, the hepatic 
duct, the hepatic artery and branches of the 
portal vein. The porta is deep and wide and 
is about 2 inches long; a portion of the lesser 
omentum is attached to it. The nerves of the 
liver and most of its lymph vessels also are 
found here. Besides these structures it also 
contains fatty tissue and some lymph glands 
which, when enlarged, may obstruct the flow 
of bile in the hepatic ducts, thereby causing 
jaundice. The hepatic duct is formed on the 
right side of the porta by the union of the 
right and the left hepatic ducts. The branches 
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Fig. 428. The prevailing pattern of the bile ducts and their distribution to the liver segments as seen 


from below. (After Healey and Schroy) 


of the hepatic artery enter on the left side 
of the common duct and then pass behind 
the right and the left ducts; the portal vein 
lies behind the artery. The porta hepatis is 
bounded anteriorly by the quadrate lobe and 
posteriorly by the caudate lobe of the liver. 


Lobes and Surfaces 


Lobes. It has long been taught that the liver 
consists of 2 lobes—a larger right and a smaller 
left lobe. The proportion between the 2 is as 
6 is to 1. They are divided by the fissure for 
the ligamentum venosum on the posterior sur- 
face, the fissure for the ligamentum teres on 
the inferior surface and the attachment of the 
falciform ligament on the superior and the 
anterior surfaces. Two circumscribed areas 
which are found over the medial part of the 
right lobe are also referred to as “lobes”; they 
are the quadrate lobe on the inferior surface, 
situated between the gallbladder and the fis- 
sure for the ligamentum teres, and the cau- 
date lobe on the posterior surface, situated 


between the inferior vena cava and the fissure 
for the ligamentum venosum. 

McNee and others believe that the true ana- 
tomic and physiologic division of the liver into 
right and left lobes is by a plane that passes 
through the fossa of the gallbladder and the 
fossa of the vena cava (Fig. 426). The 2 parts 
thus separated are approximately equal in 
size, with each lobe having its own arterial 
supply, portal supply and biliary drainage. 
Therefore, we must differentiate between an 
anatomic (surgical) division of the lobes and 
a true (functional) division. 

Bilaterality of the liver has been studied for 
many years. Healey and Schroy have reported 
on an analysis of the prevailing patterns of 
branchings of the biliary ducts. They have also 
included in their study the major variations 
of such branchings. Their description of a pre- 
vailing pattern of bile ducts is presented in 
Figures 427, 428 and 429. It should be noted 
that such branching is associated with divi- 
sions of the liver into various segments. The 
liver is divided into a right and a left lobe 
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Fig. 429. Two views of the segmental area of the 
liver. 


by a lobar fissure that is roughly in line with 
the gallbladder bed and the inferior vena cava 
on the visceral surface. The right lobe of the 
liver is divided by the right segmental fissure 
into anterior and posterior segments. The left 
lobe is divided by the left segmental fissure 
(fossa for the ligamentum venosum) into me- 
dial and lateral segments. In turn, each seg- 
ment is divided according to its biliary drain- 
age into superior and inferior areas. It is the 
opinion of these authors that the quadrate 
lobe should be regarded as pertaining to liver 
tissue that is associated with the medial seg- 
ment. Intrahepatic anatomy of the bile ducts 
becomes increasingly important surgically, 
since various methods are now described for 
corrective procedures on previously involved 
or injured common ducts. This is true particu- 
larly in intrahepatic cholangiojejunostomy 
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with partial hepatectomy (Longmire). Partial 
hepatectomies are also being performed for 
tumors of the liver. 


Surfaces. The base of the pyramidal-shaped 
liver is the right lateral surface; it is somewhat 
quadrilateral and convex. It is related to the 
diaphragm opposite the 7th to the llth ribs 
in the midaxillary line. The pleura and the 
right lung are important relations to this sur- 
face; they are separated by the diaphragm. 
In the midaxillary line the pleura overlaps the 
liver as low as the 10th rib and the lung to 
the 8th. The 12th rib, as a rule, does not reach 
sufficiently far forward to come into relation- 
ship to this hepatic surface. Therefore, a punc- 
ture wound over the lower part of the right 
side of the thorax may pass through the pleura, 
the lung, the diaphragm, the peritoneum and 
the liver (Fig. 407). 

The anterior surface of the liver is of consid- 
erable clinical importance, since it is the sur- 
face which is most readily accessible for exam- 
ination as far as the 10th costal cartilage on 
the right side. The median portion, which lies 
against the anterior abdominal wall, is pal- 
pated easily and thus yields valuable informa- 
tion. If inspiration is forced, almost the entire 
inferior border of the liver can be felt. 

The superior surface is related to the dia- 
phragm, which separates it from the 2 pleural 
sacs and the pericardium. On the right side 
it rises into a convexity that reaches almost 
to the level of the right nipple. On the left, 
the surface ends as a thin edge which is oppo- 
site the 5th rib in a line dropped from the 
left nipple. 

The posterior surface cannot be seen until 
the liver has been removed from the body 
(Fig. 425 B). On the left this surface is covered 
with peritoneum of the greater sac, and a 
groove made by the esophagus is formed here. 
In the median plane is the caudate lobe, which 
is covered with peritoneum of the lesser sac. 
This lobe lies between the fossa for the vena 
cava and the fossa for the ductus venosus. To 
the right of this the bare area is found. The 
inferior vena cava occupies the leftmost por- 
tion of the area, and the kidney and the adre- 
nal gland encroach upon it from below. 

The inferior surface also has been called 
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Fig. 430. Ligaments of the liver. The liver hasbeen rior aspect of the liver and the anterior aspect of 
displaced to the right and out of the peritoneal the posterior abdominal wall to which the liver is 
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seen. Therefore, this illustration shows the poste- 





) B 
Falciform lig. 


“Int vena cava 









Right Was? mines 
T d  Pancp reas \ Let t ey 


Fig. 431. Diaphragmatic attachments of the liver; (A) relationships of heart and lungs; (B) seen from 
below the diaphragm, with the liver removed. 
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Fig. 432. Diagrammatic representation of fetal cir- 
culation. 


the visceral surface of the liver (Fig. 425 C). 
It faces downward, to the left and backward. 
It is covered with the peritoneum of the 
greater sac and everywhere shows the im- 
prints of viscera with which it is in contact. 
It is only distinctly separated from the inferior 
surface, and the “H” which has been de- 
scribed occupies this surface. The part of this 
surface which belongs to the left lobe is re- 
lated to the stomach and to the lesser omen- 
tum. The gastric impression appears as a wide, 
shallow, concave area to the left. The omental 
part is a bulging prominence to the right and 
behind; it is called the tuber omentale. 

The quadrate lobe lies between the fissure 
for the ligamentum teres and the fossa for the 
gallbladder. This lobe is related to the pyloric 
part of the stomach and the first part of the 
duodenum below, and to the right part of the 
lesser omentum above. It is the quadrate lobe 
which attempts to seal over perforated peptic 
ulcers, the vast majority of which occur in this 
portion of the stomach or in the duodenum. 
The gallbladder lies in front of the lst and 
the 2nd parts of the duodenum, but the latter 
extends beyond it and is in relation to the 
adjoining part of the right lobe. Directly to 
the right of the duodenal area the right colic 
flexure leaves its imprint, and behind this the 
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undersurface of the right lobe is related to 
the right kidney, which leaves its renal im- 
pression. 

The liver is completely covered with perito- 
neum except in 3 locations, namely, the bare 
area, the groove for the inferior vena cava 
and the gallbladder fossa. The lesser omentum 
is attached to the margins of the porta hepatis 
and around its right extremity; its 2 layers are 
continued from the left extremity of the porta 
hepatis to the fissure for the ligamentum veno- 
sum. At the upper end of this fissure these 2 
layers separate. 

The ligaments mentioned in connection 
with the liver should not be regarded as sup- 
porting the entire weight of the organ, since 
it, like other abdominal and pelvic organs, is 
kept in place by intra-abdominal pressure 
which is attributed mainly to the tonus of the 
muscles of the anterior and the lateral abdomi- 
nal walls. Therefore, it is of little or no conse- 
quence when one of the so-called “support- 
ing” ligaments of the liver is severed during 
surgical procedures, since the liver will not 
become ptotic. 


Vessels, Nerves and Lymphatics 


Arteries. The liver has 3 vessels associated 
with it: the hepatic artery, the portal vein and 
the hepatic veins. 

The hepatic artery, one of the trifurcating 
branches of the celiac axis, supplies arterial 
blood to the substance of the liver. 

Daseler, Anson and co-workers reported on 
investigations made in 500 laboratory speci- 
mens. They observed that the common he- 
patic artery arose as a branch of the celiac 
axis in 416 of the 500 (83.20%). This vessel 
was absent in 61 cases (12.20%). When the 
common hepatic artery was absent, the right 
and the left hepatic lobes derived their arte- 
rial supply from separate branches. These ana- 
tomists found that in 358 of 439 cases studies 
(81.54%) the common hepatic artery was a 
rather long trunk which divided into its he- 
patic branches within 4 cm. of the liver sur- 
face; in 81 cases (18.46%) the artery was short 
and divided into hepatic branches which as- 
cended for a distance of more than 4 cm. 

A normal right hepatic artery (one which 
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supplies the right lobe of the liver after origi- 
nating from a normal common hepatic artery) 
was present in 416 of 500 cases (83.2%). Re- 
placing and accessory right hepatic arteries 
are also encountered. In 15 cases (3%) the 
accessory right hepatic artery arose from the 
superior mesenteric artery; in 13 cases (2.6%) 
it arose as a branch of the left hepatic artery; 
in 5 cases (1%) from the gastroduodenal ar- 
tery; in 2 cases (0.4%) from the celiac axis; 
and in only 1 case (0.2%) it arose directly from 
the aorta. 

A normal left hepatic artery was found in 
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410 of the 500 specimens (82%). A replacing 
type of left hepatic artery occurred in 90 of 
the 500 cases (18%). These replacing vessels 
may originate from the celiac axis, the left 
gastric artery, the superior mesenteric artery, 
the gastroduodenal artery or directly from the 
aorta. In 175 of the 500 specimens (35%), an 
accessory left hepatic artery was encountered. 

N. A. Michels noted that, in 100 bodies in- 
vestigated, no two patterns of the arterial sup- 
ply to the liver were the same. The hepatic 
artery varied in the origin, the caliber, num- 
ber and the distribution of its main branches. 
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Fig. 433. The portal vein and the portal system. 
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The typical common hepatic artery divides 
into a right, a middle (to the quadrate lobe) 
and a left branch. 

To shut off completely the arterial blood 
supply to the liver would be fatal, but a collat- 
eral anastomosis exists. In recent years opin- 
ions have been divided as to whether or not 
necrosis will result in man from ligation of a 
common, a right or a left hepatic artery. Via- 
bility of the liver may be explained by the 
following: (1) If the common hepatic artery 
is ligated, hepatic circulation is maintained in 
a ratio of 1 to 8 because the right artery may 
arise from the superior mesenteric artery. (2) 
If the right or the left hepatic artery is ligated, 
the corresponding lobe does not of necessity 
necrose. This is explained by the fact that the 
larger branches of the right and the left he- 
patic arteries (precapillaries) anastomose with 
each other in the fissure of the liver. (3) If 
the hepatic artery is obstructed gradually on 
the aortic side of the right gastric artery, circu- 
lation may be maintained by the anastomosis 
of the right and the left gastric arteries. 
Hence, it must be accepted that the effects 
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of ligation of the so-called “normal” hepatic 
artery would differ at various levels (Fig. 434). 


Veins. The portal vein also brings a great 
quantity of blood to the liver (Fig. 433). This 
vessel is formed between the head and the 
neck of the pancreas by the union of the 
splenic, the superior mesenteric and the infe- 
rior mesenteric veins (Fig. 407). It forms a 
rather thick vessel, which measures about 74 
cm. in length. At the porta hepatis it divides 
into right and left branches. The left portal 
vein is longer, has a transverse portion that 
lies in the hilus and an umbilical part that 
lies in the left segmental fissure. The umbilical 
portion gives off a branch to the superior area 
of the lateral segment. Branches to the infe- 
rior area (medial and lateral segments) arise 
from the distal part of the umbilical branch. 
The branches to the medial segments origi- 
nate from the umbilical branch as it runs in 
the left lateral segmental fissure. The right 
main branch (right portal vein) runs laterally 
to the right, where it divides into anterior and 
posterior segmental veins. Considerable varia- 
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Fig. 434. Ligation of the common hepatic artery 
at A would spare the entire collateral circulation; 
it should be noted that in this instance the gastro- 
duodenal and the right gastric arteries are distal 
to the point of ligation. At B the ligation is placed 
distal to the gastroduodenal but proximal to the 


right gastric artery; this could markedly reduce the 
collateral circulation. A ligature at C or beyond 
this point abolishes the collateral channels, thus de- 
priving the liver of arterial blood. Accessory vessels 
may be present, and some authors believe that 
these could prevent necrosis. 
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tions in its branching have been demon- 
strated. It is rare to find two segments exactly 
alike as far as the rami of the right half of 
the liver are concerned. If the portal vein is 
obstructed by either intrahepatic or extrahe- 
patic causes, the portal blood is shunted to 
the systemic veins where the 2 systems meet 
(Fig. 409). This collateral circulation has been 
referred to as the accessory portal system. 
The hepatic veins carry blood from the liver 
to the inferior vena cava. Some of these veins 
are small and open into the vena cava at vari- 
ous points. The major portion of the venous 
return is by way of the right hepatic, middle 
hepatic and left hepatic veins (Fig. 435). The 
posterior segment of the right lobe and a large 
part of the superior aspect of the anterior seg- 
ment of the right lobe is drained by the right 
hepatic vein, which is the largest of the 3 
veins. The middle and left hepatic veins join 
to enter the vena cava as a single trunk; how- 
ever, at times they may enter separately. The 
superior aspect of the medial segment of the 
left lobe and the inferior aspect of the anterior 
segment of the right lobe are drained by the 
middle hepatic vein. The superior part of the 
medial segment and the lateral segment of 
the left lobe are drained by the left hepatic 
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vein. The caudate lobe is drained by 2 or more 
veins that enter the vena cava usually on its 
left side anteriorly. The posterior and lateral 
portions of the posterior segment of the right 
lobe are drained by several veins that join the 
vena cava most frequently at its posterolateral 
aspect (Fig. 436). The right superior vein usu- 
ally enters the vena cava directly but may 
drain into the superior aspect of the right he- 
patic vein. The left superior vein enters di- 
rectly into the vena cava and drains the area 
marked by the left triangular ligament. It is 
the left superior vein that is injured most fre- 
quently during surgery in this area, especially 
when the left triangular ligament is cut. Nu- 
merous varieties of anastomoses have been re- 
ported. Consensus is that there are communi- 
cations between the portal and venous hepatic 
systems. 


Nerves. The nerves of the liver are derived 
from the left vagus and the sympathetic. They 
enter at the porta hepatis and accompany the 
vessels and the ducts to the interlobular 
spaces. 


Lymphatics. The lymph vessels of the liver 
terminate largely in a small group of lymph 
glands in and around the porta hepatis. The 
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Fig. 435. Hepatic venous return after Healey. 


526 


Post. 
segmental v.~ 


Ant. 
segmental v. 


Right 


portal v. portal v 


Mediol 







Abdomen: Liver (Hepar) 





ee VV. 
Lateral 


| Segment l Segment à 


e Right Lobe 4 Left Lobe ————— 


Fig. 436. Intrahepatic branches of the portal vein (after Healey). 


efferent vessels from these glands pass to the 
celiac lymph glands. Some of the superficial 
lymph vessels in the anterior surface of the 
liver pass to the diaphragm in the falciform 
ligament and finally reach the mediastinal 
glands. There is another group which accom- 
panies the inferior vena cava into the thorax 
and ends in a few small glands which are re- 
lated to the intrathoracic part of the vessel. 


Surface Anatomy 


The limits of the liver are determined by pal- 
pation and percussion. Only an approximation 
of the size of the gland can be obtained; the 
exact location of these limits is difficult to ob- 
tain because the lower edge of the lung over- 
laps the liver above, and the lower edge of 
the liver overlaps the stomach and the intes- 
tine below. The upper limit of the right lobe 
(highest point of the liver) lies beneath the 
right dome of the diaphragm; it is on a level 
with the upper margin of the 5th rib about 
l inch medial to the mammary line and about 
1 cm. below the right nipple. The upper limit 
of the left lobe corresponds to the upper bor- 
der of the 6th rib in the mammary line, about 
l inch below the left nipple. At this point, 
the left tip of the liver is separated from the 


apex of the heart only by the diaphragm. The 
lower border of the liver can be traced best 
from right to left. It follows the costal arch 
as far as the tip of the 9th costal cartilage; 
however, in the erect position it may descend 
an additional inch below the ribs. From the 
9th costal cartilage, it crosses obliquely until 
it reaches the tip of the 8th costal cartilage 
on the left side. From this point on it continues 
laterally until it meets the upper and the lat- 
eral limits of the left lobe. In the midline, the 
lower border of the liver lies midway between 
the xiphoid and the umbilicus. 


Practical and Surgical 
Considerations 


The 6 Subphrenic Spaces 


The one large subphrenic area is divided into 
6 subphrenic spaces (Fig. 437). The “sub- 
phrenic space” is a region situated between 
the diaphragm above and the transverse colon 
and its mesocolon below. The liver divides this 
space into suprahepatic and infrahepatic 
spaces. The suprahepatic space is bounded 
above by the diaphragm and below by the 
superior surface of the liver; the infrahepatic 
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Fig. 437. The 6 subphrenic spaces: (A) the 3 suprahepatic spaces; (B) the 3 infrahepatic spaces. 
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space is bounded above by the inferior surface 
of the liver and below by the transverse colon 
and its mesocolon. 


Suprahepatic Spaces. The suprahepatic space 
is divided into 3 smaller suprahepatic (sub- 
phrenic) spaces in the following way: the su- 
prahepatic area is divided into right and left 
portions by the falciform ligament, which ex- 
tends between the superior surface of the liver 
and the diaphragm. From the back of the right 
lobe of the liver and running upward to be 
reflected onto the diaphragm, is the upper 
layer of the coronary ligament (Fig. 430). 

A space is now formed which lies above the 
liver, to the right of the falciform ligament 
and in front of the upper layer of the coronary 
ligament. Therefore this space is called the 
right superior anterior subphrenic space. It 
is bounded above by the diaphragm, below 
by the superior border of the liver, behind 
by the upper layer of the coronary ligament 
and medially by the right surface of the falci- 
form ligament. The lower layer of the coro- 
nary ligament on the right forms the roof of 
a space which is limited by the liver in front 
and the posterior parietal peritoneum behind. 
This is smaller than the anterior space just 
described; since it still is associated with the 
superior surface of the liver and since it lies 
to the right of the falciform ligament but be- 
hind the lower layer of the coronary ligament, 
it is called the right superior posterior sub- 
phrenic space. 

To the left of the falciform ligament but 
still in the suprahepatic area, the left triangu- 
lar (coronary) ligament courses along the pos- 
terior border of the left lobe of the liver and 
separates the superior surface from the infe- 
rior surface of the liver. In this respect it dif- 
fers from the ligament on the right, which 
has 2 diverging layers, thus dividing the supe- 
rior surface on the right into anterior and pos- 
terior spaces. Since the layers of the left liga- 
ment do not diverge, and since they run 
directly at the junction of the superior and 
the inferior borders, the left suprahepatic 
space constitutes only one space and is not 
divided into two. It is called the left superior 
subphrenic space and is bounded by the dia- 
phragm above, the superior surface of the left 
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lobe of the liver below and the left side of 
the falciform ligament medially. 


Infrahepatic Spaces. The infrahepatic area 
also is divided into 3 subphrenic spaces. In 
addition, this area is divided into right and 
left sides by the round ligament and the liga- 
ment of the ductus venosus. To the right of 
these structures is a large space known as the 
right inferior subphrenic space. It is bounded 
above by the inferior surface of the liver and 
below by the transverse mesocolon and the 
colon; medially, it extends to the round liga- 
ment. 

To the left are 2 spaces separated from each 
other by the stomach and the lesser omentum. 
The space anterior to the stomach is known 
as the left anterior inferior subphrenic space, 
and the space posterior to the stomach is 
known as the left inferior posterior sub- 
phrenic space. The left anterior inferior space 
also has been referred to as the perigastric 
space; in this space a perigastric abscess may 
form following the perforation of a peptic ul- 
cer. The right inferior space is bounded above 
by the inferior surface of the liver, below by 
the transverse colon and the mesocolon and 
anteriorly by the anterior abdominal wall. The 
left inferior posterior subphrenic space is bet- 
ter known as the lesser peritoneal cavity. It 
is bounded above by the inferior surface of 
the liver; below, by the transverse mesocolon; 
anteriorly, by the stomach and the lesser 
omentum; and, posteriorly, by the posterior 
parietal peritoneum of the lesser sac. 

The bare area, which is really the space 
within the confines of the coronary ligament, 
has not been included as one of the 6 sub- 
phrenic spaces but is considered as an extra- 
peritoneal space. The space most frequently 
involved in infection and abscess formation 
is the right posterior superior space. The rea- 
son for this is that the most frequent causes 
of peritoneal contamination are on the right 
side (suppurative appendicitis, cholecystitis or 
perforated peptic ulcer). The right posterior 
superior space is the earliest space involved 
because inflammatory exudate travels upward 
from the right iliac fossa and along the para- 
colic gutter. 

Anatomists and surgeons disagree on the 
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Fig. 438. Drainage of subphrenic abscesses: (A) line 
of incision over the 12th rib and deeper transverse 
incision at the level of the lst lumbar spinous pro- 
cess; (B) approach to an abscess in the right superior 
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posterior subphrenic space; (C) incision for drain- 
age of an abscess in the right superior anterior sub- 
phrenic space; (D) drainage of a right superior ante- 
rior subphrenic space abscess. 
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Fig. 439. Portacaval shunts. (A) This depicts an 
end-to-side anastomosis between the portal vein 
and the inferior vena cava. The remaining cut end 
of the portal vein has been ligated close to the 
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liver. (B) The end of the splenic vein has been anas- 
tomosed to the side of the left renal vein. The 
spleen has been removed. 
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Fig. 440. The author’s modification of the Long- 
mire operation for irreparable damage to the com- 
mon and/or the hepatic ducts. It should be noted 


terminology and divisions of this area. Some 
authors feel that there are only 2 true sub- 
phrenic spaces which are separated by the 
falciform ligament and that the right posterior 
superior subphrenic space should be renamed 
the right posterior subhepatic or intrahepatic 
space. This argument can go on ad infinitum; 
the surgeon should use the concept that seems 
most logical to him. 


Drainage of Subphrenic Abscesses 


Alton Ochsner and Amos Graves have done 
much to standardize the treatment of sub- 


that 2 anastomoses are performed. In addition to 
the usual catheter the author has added a T-tube. 


phrenic abscesses. They conclude that ade- 
quate drainage of such an abscess should con- 
sist of early and proper evacuation in such a 
way that contamination of the peritoneal and 
the pleural cavities is avoided. The various 
spaces are approached through different 
routes (Fig. 438). 

The right superior posterior space, which 
is the most frequent to be involved, is drained 
through a “retroperitoneal operation.” The 
right inferior space frequently is associated 
with it and may be drained simultaneously 
through the same incision. This approach does 
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not enter the pleural or the peritoneal cavi- 
ties. 

The technic is as follows. The patient is 
placed upon the unaffected side and on a kid- 
ney rest. The incision is made directly over 
the 12th rib, which is resected subperiosteally; 
the erector spinae muscle mass is retracted 
medially. A transverse incision is made at right 
angles to the spine, which passes across the 
rib bed at the level of the spinous process of 
the lst lumbar vertebra. The incision through 
the 12th rib bed is made transversely and not 
parallel with the skin incision; only in this way 
can one be sure that the pleural cavity will 
not be entered. The costophrenic angle of the 
pleura has not been found to pass caudally 
as far as the spinous process of the 1st lumbar 
vertebra. The transverse incision passes 
through the bed of the 12th rib and the attach- 
ment of the diaphragm, the latter appearing 
usually as a few muscle fibers. Directly be- 
neath this, the renal fascia is identified; it is 
continuous above and anteriorly with the pos- 
terior parietal peritoneum. The peritoneum 


is separated from the undersurface of the dia- . 


phragm, and the right superior posterior sub- 
phrenic space is entered (Fig. 438 B). The ab- 
scess cavity is entered and drained. 
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Abscesses that involve the right superior an- 
terior, the right inferior, the left anterior infe- 
rior and the left superior spaces can be 
drained extraperitoneally through an anterior 
approach (Figs. 438 C and D). If the retroperi- 
toneal approach can be employed for the right 
inferior space, this is preferable. However, in 
those cases which require anterior approaches 
(right superior anterior and left superior), one 
attempts to follow the suggestion of Clairmont 
and drain these both extraperitoneally and ex- 
trapleurally. The incision is made just beneath 
and parallel with the costal margin through 
the oblique abdominal muscles and the tran- 
sversalis fascia to the peritoneum. The parietal 
peritoneum is separated from the undersur- 
face of the diaphragm, and the peritoneum 
is mobilized upward until the abscess is 
reached. The cavity is opened extraperito- 
neally and drained. 


Portacaval Shunts 


These procedures are being done at present 
for cases of portal hypertension which have 
tendencies toward esophagogastrointestinal 
bleeding. Various types of shunts have been 
used, the most common of which is an anasto- 
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Fig. 441. Types of hepatic resections. 
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mosis between the portal vein and the inferior 
vena cava (Fig. 439 A). This anastomosis has 
been done in the form of an end-to-side porta- 
caval shunt; this is done wholly as an abdomi- 
nal procedure and requires the dissection and 
the isolation of the structures in the hepato- 
duodenal part of the lesser omentum (portal 
vein, common duct and hepatic artery). More 
recently, Blakemore has described a right tho- 
racoabdominal approach that provides excel- 
lent exposure of both the inferior vena cava 
and the portal vein. With this incision, a lateral 
anastomosis between the vessels is possible, 
and the dissection of the common duct and 
the hepatic artery is unnecessary. Other types 
of shunts which have been used are the di- 
vided superior mesenteric vein to the side of 
the inferior vena cava distal to the renal veins, 
the proximal end of the divided inferior mes- 
enteric vein to the side of the left ovarian 
vein and end-to-side splenorenal anastomosis 
(Fig. 439 B). Rienhoff has advocated hepatic 
artery ligation for portal hypertension. 
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Liver Resection 


Resective lesions have increased during re- 
cent years, particularly neoplastic and trau- 
matic lesions of the liver. Major hepatic resec- 
tions with lowered morbidity and mortality 
are being accomplished by strict adherence 
to surgical principles and anatomic knowl- 
edge. The works of Healey and Schroy and 
of Goldsmith and Woodburne can be referred 
to for their views regarding “planes” of resec- 
tion. The caudate lobe is usually treated as 
an area unto itself. The Longmire operation 
(intrahepatic cholangiojejunostomy) and its 
modifications should be in the armamenta- 
rium of every surgeon interested in biliary 
tract surgery. This may be a last resort 
whereby a life can be saved following injury 
to and reparative processes of the common 
duct. The author’s modification of the Long- 
mire procedure is shown in Figure 440. He- 
patic sections have been classified for purposes 
of resections in Figure 441. 
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Chapter 25 


Gallbladder and Bile Ducts 


Embryology 


The hepatic diverticulum arises from the fore- 
gut, and from it the gallbladder and the ex- 
trahepatic biliary ducts develop. At first the 
gallbladder lies in the ventral mesentery; at 
the 2nd month it becomes embedded in he- 
patic tissue; and at a later date it assumes its 
superficial position. The lumina of the gall- 
bladder and also of the ducts is occluded by 
an epithelial proliferation during the 2nd 
month. Occasionally, the bud for the gallblad- 
der divides, giving rise to a double or bifid 
organ. 


Adult Gallbladder and Bile 
Ducts (Vessels) 


The gallbladder (vesica fellea) is a pear-shaped 
hollow viscus which is closely connected to 
the inferior surface of the right lobe of the 
liver (Figs. 442, 443 and 444). Usually, it is 
from 3 to 4 inches long, holds 1% ounces of 
bile and forms the right boundary of the quad- 
rate lobe of the liver. The peritoneum which 
is reflected from its sides attaches it to the 
liver. It consists of a fundus, a body, an infun- 
dibulum and a neck (Fig. 442). 


Fundus. The fundus usually projects beyond 
the liver and at times may be kinked or 
notched, forming a so-called Phrygian cap; if 
this cap is well developed, the fundus becomes 
fixed and folded. When the fundus protrudes 
beyond the liver margin it is covered on all 
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sides with peritoneum. It is in contact with 
the anterior abdominal wall opposite the 9th 
costal cartilage in an angle formed between 
the right rectus muscle and the costal margin 
(Fig. 443). 


Body. The body is the main part of the gall- 
bladder; it lies in the fossa on the inferior sur- 
face of the liver. It is covered with peritoneum 
at the side and below, but its superior (ante- 
rior) surface is in direct contact with the liver; 
its inferior (posterior) surface is related to the 
second part of the duodenum and to the 
transverse colon (Fig. 444 A). Usually, no peri- 
toneum is found between the posterior part 
of the body of the gallbladder and the liver; 
however, occasionally the gallbladder may be 
loosely attached and mobile by a fold of perito- 
neum which surrounds the entire organ and 
forms a mesentery. 


Infundibulum. The infundibulum (Hart- 
mann’s pouch) is that part of the organ which 
is situated between its body and its neck; it 
appears as an overhanging pouch which runs 
parallel with the cystic duct and thereby hides 
it. Hartmann’s pouch is one of the most impor- 
tant surgical guides for proper identification 
and exposure of the cystic duct. The pouch 
is bound down toward the first part of the 
duodenum by the right edge of the lesser 
omentum, preferably referred to as the chole- 
cystoduodenal ligament (Fig. 444 B). This li- 
gament is also a most important anatomic 
landmark in surgery; only by severing it can 
Hartmann’s pouch be mobilized properly and 
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Fig. 442. The gallbladder. This is divided into a 
fundus, a body, an infundibulum (Hartmann’s 
pouch) and a neck. 


the cystic duct identified clearly. The chole- 
cystoduodenal ligament, which is present in 
almost all cases as a normal structure, has been 
referred to erroneously as “adhesions.” 


Neck. The neck of the gallbladder continues 
from the upper part of the infundibulum and 
narrows to become the cystic duct. It is closely 
applied to the liver and is in relation inferiorly 
with the end of the first part of the duodenum. 
M. Lichtenstein is of the opinion that the spi- 
ral valve of Heister is an infolding of the wall 
of the cystic duct which is found only in 
bipeds. He believes that its function is to main- 
tain the patency of the cystic duct. It is the 
presence of this valve that makes catheteriza- 
tion or probing of the duct difficult. 

Since the gallbladder is so closely related 
to the duodenum, the jejunum, the transverse 
colon, the liver and the abdominal wall, spon- 
taneous rupture or autoanastomoses between 
it and these organs might occur (Fig. 445). 


Ducts. The cystic duct is usually about | inch 
long and extends from the neck of the gall- 
bladder to the porta hepatis; here it joins the 
hepatic duct to form the common bile duct. 
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Fig. 443. Surface anatomy of the gallbladder. The 
fundus of the normal gallbladder usually is found 
in an angle formed by the right rectus muscle and 
the costal margin. 


It is the only extrahepatic bile duct that is 
tortuous in appearance, the tortuosity being 
due to the presence of Heister’s spiral valve. 
It usually passes downward for a short distance 
with the common hepatic duct before joining 
it, but the cystic duct may present many varia- 
tions or anomalies, the more common of 
which are seen in Figure 446. Because of these 
variations perfect exposure is necessary before 
a ligature is placed on any structure in this 
region. 

The common hepatic duct is about 1 inch 
or less in length and is formed in the porta 
hepatis by the union of the right and the left 
hepatic ducts, which emerge from the right 
and the left lobes of the liver, respectively. 
It is joined by the cystic duct to form the com- 
mon bile duct. 

The common bileduct (ductus choledochus) 
is from 3 to 4 inches long and % inch wide. 
At times it is considered a direct continuation 
of the hepatic duct but is more conveniently 
thought of as being formed by the union of 
the cystic and the hepatic ducts. It begins near 
the porta hepatis and descends in the free 
margin of the lesser omentum; it then contin- 
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Fig. 444. The gallbladder and its surrounding rela- 
tions. (A) The inferior surface of the body of the 
gallbladder is related to the second part of the 
duodenum and the transverse colon. (B) Hart- 


ues behind the Ist part of the duodenum and 
enters a groove in the back of the head of 
the pancreas. It passes through the pancreas, 
downward and slightly to the right, and ends 
in the 2nd part of the duodenum a little below 
its middle and on its posteromedial surface. 
It is convenient to divide the common duct 
into the following 4 parts, each being related 
surgically to the duodenum (Fig. 447): 

l. The supraduodenal portion of the com- 
mon duct is that part which is situated above 
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mann’s pouch is bound down toward the first part 
of the duodenum by the cholecystoduodenal liga- 


ment. 


the duodenum; it is about 1 inch long. It de- 
scends in the right margin of the lesser omen- 
tum (cholecystoduodenal ligament), to the 
right of the hepatic artery and anterior to the 
portal vein. This part of the common duct is 
felt by a finger placed in the foramen of 
Winslow. 

2. The retroduodenal part is situated behind 
the duodenum, with the right edge of the por- 
tal vein behind it and the gastroduodenal ar- 
tery to its medial or left side. Since the first 
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Fig. 445. Possible paths of spontaneous rupture or 
auto-anastomoses between the gallbladder and the 
surrounding viscera. 


part of the duodenum is usually quite mobile, 
this part may be exposed with ease. 

3. The infraduodenal part is located below 
the duodenum. Since the head of the pancreas 
is in this region, it has also been referred to 
as the pancreatic portion of the common duct. 
This part of the duct does not pass between 
the duodenum and the pancreas but usually 
forms a groove, or at times a tunnel, in the 
upper and lateral parts of the posterior surface 
of the pancreas through which it passes. Be- 
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cause of its intrapancreatic position, this part 
of the duct is difficult to expose. It is closely 
related to the right edge of the inferior vena 
cava, which lies behind it (Fig. 451). The portal 
vein approaches it obliquely from below and 
from the left, and the gastroduodenal artery 
is on its left side. This part of the duct is placed 
in a cage of vessels formed by the vasa recti 
which arise from the arcades formed by the 
superior and the inferior pancreaticoduodenal 
arteries (Fig.375). 

4. The intraduodenal portion is that part of 
the common duct which passes obliquely 
through the wall of the duodenum and enters 
it in its 2nd part. This section of the duct is 
joined on its left side by the main pancreatic 
duct. A reservoir usually is formed by this 
junction within the duodenal wall; it is known 
as the ampulla of Vater. The latter opens into 
the duodenum on the summit of an elevation 
known as the duodenal papilla. Various types 
of union of the pancreatic duct and the com- 
mon bile duct are possible (Fig. 448). Both 
ducts may open independently into the am- 
pulla, they may open independently into the 
ampulla, they may open independently into 
the bowel, or they may even join together 
and open into the ampulla by acommon chan- 
nel. Therefore, a stone blocking the papilla 
will not always have the same effect; the effect 
depends on the type of union which is present. 





Fig. 446. Variations of the cystic duct (Flint). (A) 
The so-called normal cystic duct. (B) The cystic duct 
lies parallel with the hepatic duct, both being 
joined by connective tissue. (C) The cystic and the 


hepatic ducts do not join until their entrance into 
the duodenum. (D) The cystic duct joins the hepatic 
duct on its left side. (E) Absence of the cystic duct. 
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Fig. 447. The 4 parts of the common duct in rela- 
tion to the duodenum. Part | is above the duode- 
num (supraduodenal); part 2 is behind the duode- 


In 1957 Edward Boyden described the anat- 
omy of the human choledochoduodenal junc- 
tion. This is a detailed study of a most complex 
and exquisite mechanism. The anatomy is de- 
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Fig. 448. Types of union of the common bile duct 
and the pancreatic duct: (A) both ducts open inde- 
pendently into the ampulla; (B) both ducts open 
independently into the bowel; (C) both ducts join 
and open into the ampulla by a common channel. 
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num (retroduodenal); part 3 is below the 
duodenum (infraduodenal); part 4 is within the wall 
of the duodenum (intraduodenal). 


scribed in terms of a superior sphincter, a 
“middle sphincter” and an inferior sphincter. 
The superior sphincter blends with the duode- 
nal muscle, the “middle sphincter” is submu- 
cosal and the inferior sphincter blends with 
the fibers of the papilla. Surgical attacks on 
this delicately designed mechanism are still 
described as sphincterotomy (a division of the 
inferior and “middle sphincters”) and sphinc- 
teroplasty, which completely eliminates the 
sphincters and produces a stoma much larger 
than nature intended it to be. It is questiona- 
ble in this author’s mind whether such muti- 
lating procedures are justifiable unless there 
are ultraspecific indications. 

The intrinsic and proximate blood vessels 
of the common and the hepatic ducts have 
been studied and described by Shapiro and 
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Robillard. The important arterial branches to 
these ducts primarily arise from the cystic and 
the posterosuperior pancreaticoduodenal ar- 
teries, rather than from the hepatic artery, 
as has been thought previously. Therefore, it 
is important to do minimal stripping for expo- 
sure along the medial side of the duct to re- 
duce the danger of devascularization and 
ischemic necrosis in common duct surgery. 
The venous drainage of the extrahepatic bili- 
ary passages is upward into the hepatic veins 
without major anastomoses with the portal 
system. 


Cystic Artery. This is one of the most anoma- 
lous structures in the body. The so-called “nor- 
mal” cystic artery is found in about 60 percent 
of the cases and arises as a branch of the right 
hepatic artery. When the artery arises in this 
manner, a cystic triangle of Calot is formed; 
the base of this is the cystic artery; the apex 
is formed by an angle which results from the 
junction of the cystic and the hepatic ducts 
(Fig. 449). As a rule, the cystic artery divides 
into a superficial and a deep branch, the latter 
being distributed to the medioposterior, non- 
peritoneal surface of the gallblader. Daseler 
and colleagues reported on a study of 500 ca- 
davers and have classified the sites of origin 
of the cystic artery into 12 different types (Fig. 
450). Duplications and triplications of the ves- 
sel have been reported. Since most cases of 
duct injury are due to hemorrhage from a di- 
vided cystic artery or an anomalous arterial 





Fig. 449. The so-called “normal” cystic artery and 
the triangle of Calot. The triangle is formed by 
the cystic artery (base) and the junction of the cystic 
and the hepatic ducts (apex). 
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branch, the surgeon must acquaint himself 
with the possible arterial patterns and at- 
tempts to identify them. The course of the 
cystic artery is so variable, and the occurrence 
of duplicate and triplicate branches so com- 
mon, that perfect exposure and separate liga- 
tion of the cystic duct and artery always must 
be attempted. It is true that under most un- 
usual circumstances the cystic artery and the 
duct muust be ligated with a single tie; how- 
ever, this is the exception and not the rule. 


The Venous Drainage of the Gall Bladder. I 
have never seen a cystic vein per se accompa- 
nying the cystic artery. This venous drainage 
must be understood if one is to avoid liver- 
bed bleeding during a cholecystectomy. In 
1932 Karlmark showed that the venules of the 
gallbladder form a continuous cholecystic 
plexus that is in direct continuity with the 
plexus surrounding the extra hepatic bile 
ducts. On the hepatic side of the gallbladder 
these venules may vary from 2 to 20 and ter- 
minate in the caudate lobe of the liver directly 
adjacent to t he gallbladder bed. On the peri- 
toneal side there may be one or more so-called 
“cholecystic veins,” which lie subperitoneally 
in the gallbladder. The venous drainage al- 
most always ends directly in the adjacent sub- 
stance of the liver and does not enter the por- 
tal circulation (Fig. 452). 

The foramen of Winslow and its boundaries 
are surgical guides which aid in the perfor- 
mance of safe gallbladder and common duct 
surgery. The foramen is found readily by plac- 
ing a finger along the free margin (right side) 
of the lesser omentum; this locates the fora- 
men and permits the finger to enter the lesser 
peritoneal cavity (Fig. 451). The boundaries 
around a finger so placed in the foramen are: 
cephalad to the finger, the gallbladder is 
found; caudad, is the superior margin of the 
first part of the duodenum; on the palpating 
finger is the lesser omentum which contains 
3 structures, namely, the common duct, the 
portal vein and the hepatic artery (the duct 
and the artery lie on the vein); behind the 
finger is the inferior vena cava. If the cystic 
artery retracts or if there is bleeding during 
the course of biliary surgery, it is wise to place 
the index finger in the foramen of Winslow 
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Fig. 450. Variations on the origin of the cystic artery after Daseler. 


and grasp the hepatic artery between the in- 
dex finger and the thumb. Pressure so made 
will control the bleeding, since the cystic ar- 
tery arises from the hepatic. It is wise also 
to place a gauze sponge in the foramen of 
Winslow during biliary surgery to prevent in- 
jury to the inferior vena cava, and also for 
immediate orientation. 

The lymphatics of the gallbladder drain 
into the lymph glands at the hilus of the liver 
and into the liver substance. 


Gallbladder Surgery 


Cholecystostomy 


This operation is reserved for the poor-risk 
patient with acute progressive infections of 
the gallbladder or in those cases where re- 
moval of the organ would be technically diff- 
cult or too dangerous (Fig. 453). 

The gallbladder is exposed, and a trochar 
is inserted into its lumen; its liquid contents 
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Fig. 451. The foramen of Winslow and its bound- 
aries. (A) The finger (probe) is placed in the fora- 
men which is bounded above (cephalad) by the 
gallbladder, below (caudad) by the duodenum, an- 
teriorly by the common duct, the portal vein and 
the hepatic artery, and posteriorly by the inferior 
vena cava. (B) The foramen seen in cross section 
from above. 
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are aspirated; and any stones which are pres- 
ent are removed. After aspiration, the organ 
can be grasped with noncrushing forceps. The 
opening is enlarged; a rubber tube is inserted 
into the lumen and is held there by a transfix- 
ing suture. A purse-string suture or inter- 
rupted inverting sutures are placed about the 
opening in the gallbladder and tightened 
around the tube. Some surgeons advocate ad- 
ditional drains. 


Cholecystectomy 


A right rectus incision which divides the mus- 
cle at its inner third usually is used (Fig. 454). 
The fundus of the gallbladder is grasped and 
lifted upward. A hemostat is placed on Hart- 
mann’s pouch, and lateral and upward trac- 
tion is maintained so that the cholecysto- 
duodenal ligament is placed on a stretch. It 
will be remembered that these 2 structures, 
Hartmann’s pouch and the cholecystoduode- 
nal ligament, are the surgeon’s two most im- 
portant guides. The left index finger is placed 
in the foramen of Winslow, and the bound- 
aries around this foramen are reviewed 
quickly. The cholecystoduodenal ligament is 
snipped carefully and spread so that the 
proper cleavage plane is entered. This permits 








Fig. 452. There is no cystic vein per se which accompanies the cystic artery. There is a cystic plexus 


of veins which must be understood by the surgeon. 
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Abdomen: Gallbladder and Bile Ducts 





Fig. 453. Cholecystostomy. (A) The distended gall- 
bladder is steadied by the hand of the surgeon as 
an aspirating trocar is placed into the lumen of 


mobilization of Hartmann’s pouch; the cystic 
duct then comes into view. The cystic artery 
usually is found medial and cephalad to the 
cystic duct. The cystic duct and the cystic ar- 
tery are ligated individually. Ligation of the 
cystic duct should be done about 1 to 2 cm. 
proximal to its junction with the common 
duct. This prevents “tenting” of the common 
duct. A cleavage plane which permits easy 
removal of the gallbladder is found between 
the gallbladder and the liver bed. By peeling 
the gallbladder in this fashion, peritoneal flaps 
are made automatically; these are incised, the 
gallbladder is removed, and the flaps are per- 
mitted to fall into place or are sutured to- 
gether. 


Choledochostomy 


Any one of the 4 parts of the common duct 
may require exploration. This usually can be 
accomplished through its first or supraduode- 
nal portion. A longitudinal incision about 2 
cm. long is placed in this portion of the com- 
mon duct between the cystic duct and the 


the organ. (B) A Pezzer catheter is sutured into 
the gallbladder for purposes of drainage. 


duodenum (Fig. 455). The cut edges of the 
duct are grasped, a blunt curved probe is 
passed downward to the ampulla of Vater and, 
if possible, into the duodenum. The hepatic 
duct is explored. After determining the pa- 
tency of the ampulla of Vater, a “T”-tube is 
inserted into the common duct; it is fixed 
there and the duct is sutured around the neck 
of the tube. This is reinforced further by a 
few sutures placed in the lesser omentum. For 
exploration of the third part of the common 
duct (infraduodenal or pancreatic portion), it 
becomes necessary to mobilize the descend- 
ing part of the duodenum (Fig. 456). This is 
accomplished by incising the parietal perito- 
neum along the lateral border of the descend- 
ing duodenum, permitting medial rotation of 
the latter. Although some authors state that 
this renders the intrapancreatic portion of the 
common duct accessible, this is usually not 
true, because the duct lies within pancreatic 
tissue and is surrounded by blood vessels. If 
a stone is impacted in part 4 (intraduodenal 
portion) of the common duct, it can be ap- 
proached transduodenally (Fig. 457). 
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Fig. 454. Cholecystectomy. (A) Incision. (B) Up- 
ward and lateral traction is made on Hartmann’s 
pouch; this stretches the cholecystoduodenal liga- 
ment, which is incised. (C) The extrahepatic biliary 
ducts and the cystic artery are exposed. (D) The 
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cystic artery and the cystic duct are ligated and 
divided; the gallbladder is removed from below 
upward. (E) The gallbladder has been removed, 
and the liver has been peritonized. 
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Fig. 455. Choledochostomy. (A) An incision is 
made into the lesser omentum and the supraduode- 
nal part of the common duct. (B) The stone is re- 
moved, and a “T’”’-tube is inserted into the common 
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Fig. 456. Approach to the pancreatic portion of 
the common bile duct. (Kocher manuever) 


> 
Fig. 457. Transduodenal approach to the intra- 
duodenal part of the common duct. (A) The 4th 
part of the common duct (intraduodenal portion) 
is explored through an incision in the duodenum. 
An additional incision is made into the supraduode- 
nal part of the common duct. A probe determines 
the patency of the duct. (B) A long “T”-tube (Cat- 
tell) is placed through the common duct and into 
the duodenum. 
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duct. (C) The “T’”’-tube is in place, and the gallblad- 
der is removed from below upward. 
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Fig. 458. Cholecystogastrostomy. Although the 
fundus of the gallbladder usually is depicted as the 
site selected for the anastomosis, the illustration 
reveals that the body of the gallbladder may be 
used if the latter is small. 


Cholecystenterostomy 


In certain types of obstructive jaundice it may 
be necessary to perform an anastomosis be- 
tween the gallbladder and some part of the 
small bowel, namely, duodenum or jejunum; 
cholecystogastrostomies also have been done 
(Fig. 458). These procedures are discussed un- 
der surgery of the pancreas (p. 555). 
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Section 4 ABDOMEN 


Chapter 26 


Spleen 


Embryology 


To understand the peritoneal attachments of 
the spleen and their surgical applications, the 
embryologic changes which take place must 
be understood. The stomach (before rotation) 
is attached posteriorly by a dorsal mesogas- 
trium and anteriorly by a ventral mesogas- 
trium (Fig. 459 A). The spleen originates as 
a localized cellular collection in the left layer 
of the dorsal mesogastrium. These cellular col- 
lections fuse with one another to form a lobu- 
lated spleen, the notch or notches of which 
are the only surface traces of lobulation in the 
adult organ. 

The spleen divides the dorsal mesogastrium 
into: (1) a gastrosplenic part and (2) a sple- 
noaortic part (lienorenal ligament). As growth 
takes place, the spleen and the stomach shift 
to the left, and the liver shifts to the right. 
The splenoaortic ligament is pushed against 
the posterior abdominal wall, and a fusion 
takes place between the 2 opposed surfaces 
(Fig. 459 B). The splenoaortic ligament, hav- 
ing been pulled to the left, comes in contact 
with the left kidney; because of its new posi- 
tion, it is referred to as the linenorenal (sple- 
norenal) ligament. The splenic artery runs in 
the lienorenal ligament. 

To mobilize the spleen it becomes necessary 
to incise the left leaf of the lienorenal ligament 
and to enter the fusion (cleavage) plane be- 
hind the splenic artery. This converts the lie- 
norenal ligament back to its early form, 
namely, the splenoaortic ligament. It is a 
bloodless maneuver and will be discussed un- 
der the heading of “Splenectomy.” 
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That part of the dorsal mesogastrium which 
is located between the greater curvature of 
the stomach and the spleen is the gastro- 
splenic omentum; it contains continuations of 
the splenic artery known as the vasa brevia. 
The lienorenal ligament and the gastrosplenic 
omentum form the splenic pedicle, which 
connects the spleen to the kidney and the 
stomach; this pedicle consists of 4 layers (Figs. 
460 B and 461). 


Adult Spleen 


The spleen is covered completely by perito- 
neum except at the hilus (Fig. 460). It presents 
4 surfaces: (1) a posterior surface which is con- 
vex and lies in contact with the diaphragm, 
(2) an anterior surface toward the stomach, 
(3) an inferior surface, which is small and rests 
on the splenic flexure of the colon and (4) an 
internal, which is in contact with the left kid- 
ney. The hilus is on the anterior or gastric 
surface, and posterior to it is a depression that 
lodges the tail of the pancreas. Vessels and 
nerves enter and leave at the hilus, and the 
lienorenal and the gastrosplenic ligaments at- 
tach here. 

A phrenicocolic (costocolic) ligament runs 
from the splenic flexure of the colon to the 
diaphragm opposite the 10th and the 11th ribs 
(Fig. 460 A). This ligament is usually avascular 
and forms a floor on which the spleen rests, 
thus giving it additional support; it is of surgi- 
cal importance in the mobilization of the 
spleen and the splenic flexure. 

Numerous ligamentous attachments of the 


Adult Spleen 


Fig. 459. Embryology of the spleen. (A) Before ro- 
tation the dorsal mesogastrium is divided by the 
spleen into gastrosplenic and splenoaortic liga- 
ments. (B) After rotation the spleno-aortic ligament 
becomes the splenorenal (lienorenal) ligament. Fu- 
sion to the posterior abdominal wall has taken 
place. 


spleen to the greater curvature of the stomach 
have been described; some are vascular and 
others are not. The surgeon must be thor- 
oughly familar with these attachments to pre- 
vent vascular injury or avulsion of the spleen. 
Traction on the spleen or downward on the 
stomach during surgery on the lower end of 
the esophagus or the diaphragmatic hiatus can 
tear the ligamentous attachments leading to 
catastrophic hemorrhage from the short ves- 
sels. Likewise, when there is traction down- 
ward on the lienocolic ligament, the lower 
pole of the kidney can be avulsed. 

It is the belief of some that the middle colic 
artery represents the major collateral route 
with the inferior mesenteric through the left 
colic branches. Occlusion in this critical seg- 
ment between the origins of the inferior pan- 
creaticoduodenal and middle colic arteries 
can convert the superior mesenteric artery 
into an “end artery.” This is possible because 
the potential collateral to both the celiac and 
the inferior mesenteric systems is obstructed. 
In contrast, the inferior mesenteric artery is 
not only smaller but forms a less acute angle 
with the aorta. This angle accounts for the 
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lack of visualization on approximately half of 
the aortagrams and the extremely low fre- 
quency of emboli from the inferior mesenteric 
artery. 

The major gastrointestinal collateral from 
the inferior mesenteric is via the left colic 
through the middle colic and through the su- 
perior mesenteric artery. This collateral chan- 
nel has been referred to as the “mesomesen- 
teric artery” or the “meandering mesenteric 
artery.” This should not be confused with mar- 
ginal artery of Drummond, which is nearer 
the colon, is smaller and less tortous (p. 496). 

The adult spleen is placed high in the left 
posterior corner of the abdomen and lies deep 
to the 9th, the 10th and the 11th left ribs; 
its long axis corresponds to that of the 10th 
rib (Fig. 461). The peritoneal cavity, the dia- 
phragm and the pleural cavity separate it 
from the ribs; the left lung intervenes in its 
upper third. 

If the surgeon stands to the right of the pa- 
tient and passes his right hand above the 
phrenicocolic ligament, he will be able to fol- 
low the diaphragm posteriorly, and the spleen 
will fall into his hand. At times, adhesion of 
variable density attach the spleen to the dia- 
phragm; these must be severed before the or- 
gan can be mobilized properly. The exploring 
hand is stopped by the left layer of the lienore- 
nal ligament. 


Vessels 


The splenic artery passes to the left, along 
the upper border of the body and the tail of 
the pancreas and across the left kidney to 
reach the spleen (Fig. 461). The artery does 
not enter the spleen as a single large vessel 
but breaks up into from 5 to 8 terminal splenic 
branches. This artery runs a snakelike or ser- 
piginous course humping along the upper bor- 
der of the pancreas. Because of this character- 
istic humping, it is easy to identify the artery 
and to do a preliminary ligation of the splenic 
artery during splenectomy. 

The splenic vein is formed at the hilus of 
the spleen and is joined by the left gastroepi- 
ploic and other veins from the greater curva- 
ture of the stomach. It passes to the right in 
the lienorenal ligament behind the pancreas 
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Fig. 460. The spleen. (A) The gastrosplenic liga- splenic pedicle consists of 4 layers: 2 derived from 
ment (part of the greater omentum) has been di- the splenorenal ligament and 2 derived from the 
vided; the short gastric and the splenic vessels can _ gastrosplenic ligament. 

be seen. (B) Cross section seen from above. The 





Fig. 461. The spleen in relation to the 10th rib. The cut splenic pedicle and its contents also are 
shown. 
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Fig. 462. Splenectomy. (A) Long left rectus inci- 
sion. (B) The gastrosplenic ligament has been di- 
vided, and the vasa brevia have been ligated. An 
incision is made in the posterior parietal perito- 
neum, and the splenic artery is ligated. (C) The 
left leaf of the lienorenal ligament is cut. (D) The 
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spleen is delivered, and individual ligation of the 
splenic vessels is accomplished. (E) Mobilization 
and removal of the spleen by dividing (1) the gas- 
trosplenic ligament, (2) the left leaf of lienorenal 
ligament and (3) the right leaf of lienorenal liga- 
ment. 
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and lies below the splenic artery (Fig. 433). 
Behind the neck of the pancreas it joins the 
superior mesenteric vein to form the portal 
vein; in its course it receives the inferior mes- 
enteric vein. 

Accessory splenic tissue has been found in 
11 percent of autopsy material (Adami); the 
most common sites are near the hilum, the 
mesentery or the omentum, the tail of the 
pancreas and the bowel wall (Gray). 


Splenectomy 


An incision frequently used in a splenectomy 
is a straight paramedian one (Fig. 462 A). The 
right hand of the surgeon should be passed 
between the diaphragm and the spleen to de- 
termine its size and degree of mobility. If it 
is freely mobile and not anchored to the dia- 
phragm by adhesions, the fingers of the right 
hand can be swept around its inferior border, 
and the organ brought through the abdominal 
incision and delivered onto the anterior ab- 
dominal wall. However, this usually is not the 
case, and mobilization becomes necessary. 
The gastrocolic and the gastrosplenic attach- 
ments are clamped and cut so that the anterior 
attachments of the spleen, or the anterior part 
of the pedicle, are severed. The vessels which 
run in the gastrosplenic ligament (vasa brevia) 
are ligated (Figs. 462 B and E). 

Cole is of the opinion that preliminary liga- 
tion of the splenic artery makes for better sur- 
gery. The posterior parietal peritoneum is in- 
cised over the upper border of the pancreas 
where the splenic artery is found. Since the 
artery runs a tortuous course, it humps over 
the upper border of the pancreas and can be 
seen, felt and ligated here. 

The incision into the left leaf of the lienore- 
nal ligament is next accomplished to permit 
further mobilization of the spleen (Fig. 462 
C). This is divided, and the cleavage plane 
which permits delivery of the spleen and the 
splenic vessels is entered. If it is impossible 
to see this leaf of peritoneum, it can be divided 
blindly over the upper pole of the kidney. 

This step has been considered by many as 
a key to the operation, since this left leaf of 
lienorenal ligament anchors the spleen. When 


Abdomen: Spleen 


this ligament is cut, the spleen becomes mo- 
bile and can be drawn out through the abdom- 
inal incision. Following delivery, the vessels 
are ligated individually as they pass under 
cover of the right leaf of the lienorenal liga- 
ment. 

The tail of the pancreas and the stomach 
should be carefully retracted and visualized 
before the clamps are applied to the remain- 
der of the splenic pedicle so that these struc- 
tures are not injured. 


Segmental Splenectomy. Until quite recently 
treatment for a diseased or injured spleen was 
splenectomy. Because of the septic sequelae 
following the operation, investigators began 
to try to repair damaged spleens. At this writ- 
ing more than 100 partial, subtotal or segmen- 
tal splenectomies have been done in humans 
with encouraging results. Dixon and co-work- 
ers have studied the human intrasplenic arte- 
rial anatomy. They concluded that the major 
hilar arterial branches serve discrete seg- 
ments of the spleen. Relatively avascular 
cleavage planes were evident between such 
segments. Some of the spleens had one major 
superior artery and one inferior lobar artery; 
there were different anatomic patterns. They 
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Fig. 463. Regional division of the spleen, after 
Dixon, et al. 
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Fig. 464. Segmental splenectomy after Dixon, et al. See text. 


have divided the splenic areas into hilar, inter- 
mediate and peripheral (Fig. 463). Ligation 
of segmental vessels without complete exci- 
sion of the spleen is described by them (Fig. 
464). The laser beam, plus some of the newer 


coagulating concepts, function as well as the 
cutting and coagulating modalities. 

The teaching that the spleen is just a blood- 
filled sponge amenable only to total surgical 
excision is no longer valid. 


Section 4 ABDOMEN 


Chapter 27 


Pancreas 


Embryology 


The single adult pancreas is developed from 
two primitive pancreatic buds which are 
called the dorsal (proximal) pancreatic bud 
and the ventral (distal) pancreatic bud (Fig. 
465). 

The dorsal bud springs from the posterior 
border of the duodenum and grows between 
the leaves of the dorsal mesoduodenum;; its 
duct system empties directly into the duode- 
num. The ventral bud arises from the anterior 
border of the duodenum and invades the ven- 
tral mesoduodenum; it originates with the 
primitive bile duct system; hence, its duct sys- 
tem communicates with that of the bile (Fig. 
465 A). 

The ventral bud rotates backward behind 
the duodenum, around its right side, and 
grows back into the dorsal mesoduodenum. 

The two buds fuse; the ventral bud gives 
rise to the posterior portion of the lower part 
of the head and the uncinate process of the 
pancreas; the dorsal bud becomes the upper 
and the anterior part of the head, the neck, 
the body and the tail of the pancreas (Fig. 
465 B). The right side of the pancreas is di- 
rected backward, and the left side forward; 
the right surface is applied to the posterior 
abdominal wall. The peritoneum which origi- 
nally covered its right side is absorbed; there- 
fore, in the adult, the pancreas appears to be 
retroperitoneal, being covered by the parietal 
peritoneum. At the time of fusion between 
the ventral and the dorsal buds, a communica- 
tion is established between their ducts. The 
duct of the dorsal bud becomes the accessory 
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pancreatic duct of Santorini, and the duct of 
the ventral bud becomes the main pancreatic 
duct of Wirsung. In about 20 percent of indi- 
viduals the accessory duct of Santorini be- 
comes occluded and cannot compensate for 
trauma inflicted on the duct of Wirsung. 

After rotation, the portal vein becomes 
“sandwiched in” between the dorsal bud 
which lies ventral to the vein and the ventral 
bud, which now lies dorsal to the vein. The 
last statement may appear confusing at first 
but if it is visualized it explains the ultimate 
positions of the superior mesenteric and the 
portal veins, between the head and the neck 
of the pancreas. It also explains how the acces- 
sory duct, which was formerly posterior, now 
enters on the anterior surface of the duode- 
num, and the main duct, which was originally 
anterior, now lies posteromedial. 


Adult Pancreas 


The adult pancreas is pistol-shaped (Figs. 466 
and 467). Its length, which is variable, aver- 
ages from 4 to 6 inches; it is divided indis- 
tinctly into a head, a neck, a body and a tail 
(Fig. 467). The head lies within the concavity 
of the duodenum and slightly overflows it. The 
neck is that portion which presents a slight 
constriction and lies in front of the portal vein. 

The body of the pancreas continues to the 
left and upward; it presents a triangular shape 
on cross section, resulting in anterosuperior 
and anteroinferior surfaces. The transverse 
mesocolon attaches along the ridgelike junc- 
tion of these 2 surfaces. The anterosuperior 
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Fig. 465. Embryology of the pancreas. (A) The 2 
primitive pancreatic buds, dorsal and ventral, be- 
fore rotation has taken place. The arrow indicates 
the path of rotation. (B) After rotation and before 
fusion of the pancreatic buds. The superior mesen- 
teric vessels (portal vein) are “sandwiched in” be- 
tween the primitive buds. 


surface is covered by peritoneum of the lesser 
peritoneal cavity; the anteroinferior surface 
is covered by peritoneum of the greater peri- 
toneal cavity. The right end of the transverse 
colon has no mesocolon; therefore, the head 
of the pancreas is directly attached to it, being 
separated from it only by a little areolar tissue. 

The tail of the pancreas continues to the 
left and upward from the body until it abuts 
the spleen. Since it travels in the lienorenal 
ligament, this part of the pancreas loses its 
retroperitoneal characteristics and is more 
movable. The transverse mesocolon continues 
from the body to the tail of the pancreas so 
that the transverse colon hangs by a mesen- 
tery from only 2 parts of the pancreas, namely, 
the body and the tail. Posteriorly, the head 





Fig. 466. Relations and divisions of the pancreas. 
The 2 projections of the pancreas, the uncinate 
process and the omental tuberosity, are identified. 


of the pancreas is in contact with the renal 
vessels and the inferior vena cava; behind the 
pancreatic neck lies the portal vein. Behind 
the body of the pancreas, from right to left, 
is the aorta (with the origin of the superior 
mesenteric and the renal arteries), the left 
suprarenal gland, the left kidney and the 
spleen. 

The uncinate process (uncus hook) is a 
downward projection from the lower part of 
the head which hooks behind the superior 
mesenteric vessels. 

The omental tuberosity (tuber omentale) is 
another pancreatic projection which projects 
upward from the body. It fits into the lesser 
curvature of the stomach, where it comes in 
contact with the lesser omentum, and sepa- 
rates it from the downward projecting tuber 
omentale of the liver (left lobe). 


Vessels 


Arteries. The upper border of the pancreas 
is a good landmark for the arteries that supply 


594 


Inf vena cava 


L] 
4, 
k 
E =, 
aN 
{ 


Hepatic vv. , 
Left gastric a. g Z 


Hepatic 
duct ~.i 

Hepatic a.-J§ 

Portal v -|m x 


- 
+. 
Ta 


< 
= 
-ei 


Common 
duct 


Pancreatic ._||| 
duct 
(Wirsung) 


Gall bladder | 
Papilla of Vater- 


Sup. mesen- _..---# i 
tepic vėa. 


Inf vena _ 
cava 
Ureter 
Aorta 


Fig. 467. The pancreas. The splenic artery passes 
to the left along the upper border of the body and 
the tail of the pancreas, and the hepatic artery 


it and other organs in this region (Fig. 467). 
The splenic artery passes to the left along the 
upper border of the body and the tail, and 
the hepatic artery passes to the right along 
the upper border of the head of the pancreas. 
Opposite the lower border of the duodenum 
the gastroduodenal artery (hepatic) divides 
into a superior pancreaticoduodenal and right 
gastroepiploic arteries (Fig. 375). The superior 
pancreaticoduodenal artery divides and con- 
tinues downward between the head of the 
pancreas and the duodenum as 2 parallel ves- 
sels, not as a single vessel, as is usually de- 
picted. The inferior pancreaticoduodenal (su- 
perior mesenteric) artery also divides into 2 
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passes to the right along the upper border of the 
neck and the head of the gland. The splenic vein 
lies behind the pancreas. 


parallel vessels which anastomose with the 2 
branches of the superior pancreaticoduodenal 
artery. In this way 2 arterial arches are 
formed: one in front of the head of the pan- 
creas and another behind it. By means of these 
2 arches the medial aspect of the duodenum 
receives an anterior and posterior set of vasa 
recta (Fig. 375). The head of the gland is sup- 
plied by the superior and the inferior pan- 
creaticoduodenal arteries, and the body and 
the tail by the splenic artery. 

Veins. Pancreatic veins issue from the pan- 
creas and end in the splenic vein. The latter 
passes behind the body of the pancreas and 
below the splenic artery. It ends behind the 


Surgical Considerations 


neck of the pancreas by joining with the supe- 
rior mesenteric vein to form the portal vein. 

The lymphatics of the pancreas drain either 
directly or indirectly into the celiac glands 
around the root of the celiac artery. 


Ducts 


The Pancreatic Duct of Wirsung. This duct 
forms the chief excretory channel of the 
gland. It begins in the tail and passes through 
the middle of the gland toward its head; its 
termination is quite variable (Fig. 468). In 
most instances, the duct opens independently 
into the ampulla of Vater, which then presents 
one opening common to both the pancreatic 
and the common bile ducts. In other instances, 
the pancreatic duct may join the common bile 
duct and both enter the ampulla by a common 
channel in another variation presents the 
common bile duct and the pancreatic duct 
enter the duodenum by entirely separate ori- 
fices. 

Accessory Pancreatic Duct of Santorini. This 
duct represents the original duct of the dorsal 
bud. In the adult it passes to the right and 
in front of the common bile duct. It remains 
patent in most instances and opens into the 





Pancreatic 
duct 

Fig. 468. Variations in the termination of the pan- 
creatic duct. (A) Both ducts enter the ampulla of 
Vater independently. (B) The ducts enter the bowel 
independently. (C) The ducts join and enter the 
ampulla by a common channel. 
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duodenum about % inch above the ampulla 
of Vater. In most individuals it anastomoses 
with the chief pancreatic duct (Wirsung) 
within the head of the pancreas. 


Surgical Considerations 


The pancreas can be considered no longer as 
the “hermit” organ, since it now comes within 
the realm of modern surgery. 

The approaches to the pancreas are along 
3 anterior transperitoneal routes, namely, 
through the lesser omentum (gastrohepatic 
portion), the transverse mesocolon and the 
gastrocolic part of the greater omentum (Fig. 
469). The last-named approach is preferred, 
since it affords greatest exposure and does not 
endanger the middle colic artery; however 
the site and the extent of the pathology deter- 
mine which route is most applicable. If, for 
example, a pancreatic cyst points through the 
lesser omentum or the transverse mesocolon, 
these paths are taken. 


Pancreatoduodenectomy 


Pancreatoduodenectomy is done for carci- 
noma of the head of the pancreas, carcinoma 





Fig. 469. The 3 approaches to the pancreas: (A) 
through the lesser omentum; (B) through the 
greater omentum; (C) through the transverse meso- 
colon. 
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Fig. 470. Pancreatoduodenectomy. (A) A long 
right rectus incision gives ample exposure. (B) Cho- 
lecystojejunostomy may be done as a l-stage opera- 
tion or else combined with a radical l-stage proce- 
dure. (C) The duodenum has been mobilized, and 
the gastroduodenal artery and the common duct 
have been severed and ligated. (D) The pylorus 
has been severed, and the pancreas has been in- 
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cised over the superior mesenteric vessels. The je- 
junum has been divided immediately distal to the 
ligament of Treitz. (E) Following removal of the 
duodenum and the head of the pancreas, pancreati- 
cojejunostomy and gastrojejunostomy complete the 
operation. In the l-stage procedure it is thought 
preferable to anastomose the common duct to the 
jejunum. 


Surgical Considerations 


of the ampulla of Vater and carcinoma of the 
lower end of the common bile duct (Fig. 470). 
It may be performed in 1 or 2 stages. Whipple 
has done much of the pioneer work in this 
field. Many types of operative procedures 
have been described, and a typical one will 
be discussed here. 

The scope of this operation calls for a block 
resection of the head of the pancreas, the 
lower end of the common duct, the pylorus 
of the stomach and the entire duodenum. 
Hence, the gastrointestinal tract, the biliary 
tract and the pancreas are interrupted. The 
gastrointestinal tract can be restored by an 
end-to-side or end-to-end gastrojejunostomy. 
The biliary tract can be restored by an anasto- 
mosis of the common bile duct or the common 
hepatic duct to a portion of the gastrointesti- 
nal tract; in the 2-stage operation the gallblad- 
der can be used for the anastomosis. Some 
surgeons advocate closure of the cut end of 
the pancreas; others prefer to anastomose it 
to the jejunum. 

Surgery is contraindicated if the portal vein 
or the superior mesenteric vessels are in- 
volved, if there are multiple distant metas- 
tases, or if there is invasion beyond the limits 
of resection. Involvement of the portal vein 
can be discerned by division of the gastro- 
duodenal artery and displacement of the com- 
mon duct downward. Involvement of the su- 
perior mesenteric vessels is determined by 
division of the gastrocolic omentum and inci- 
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sion of the peritoneum along the inferior bor- 
der of the pancreas. 

If a 2-stage procedure is utilized, a cholecys- 
tojejunostomy is done first, and at the second 
stage this is displaced downward. The perito- 
neum over the right kidney is incised to the 
right of the duodenum, and the duodenum 
and the head of the pancreas are mobilized 
to the left. The gastrocolic omentum is di- 
vided, and the third part of the duodenum, 
the head of the pancreas and the superior mes- 
enteric vessels are exposed. The gastroduode- 
nal artery is divided and ligated; the common 
duct is divided, and the proximal end is invagi- 
nated. The stomach, the body of the pancreas 
and the jejunum are divided; the ligament of 
Treitz is freed. The block of tissue is removed, 
and the operation is completed by performing 
the following anastomoses: end-to-side or end- 
to-end gastrojejunostomy, pancreaticojejunos- 
tomy and cholecystojejunostomy (previously 
done in the 2-stage procedure). 


Chronic Pancreatitis 


Many operations have been devised for 
chronic pancreatitis. Currently, for severe 
conditions, pancreaticoduodenectomy is in 
vogue. In this operation an attempt is made 
to retain normal physiology and to preserve 
the pylorus with its important sphincteric ac- 
tion. This is a more physiologic procedure and 
should be done whenever possible. 


Section 4 ABDOMEN 


Chapter 28 


Blood Supply of the Gut 


The primitive gut is divisible into 3 parts: fore- 
gut, midgut and hindgut. The foregut ends 
and the midgut begins where the bile duct 
enters the duodenum; the midgut ends, and 
the hindgut begins at the junction of the right 
and the middle thirds of the transverse colon. 
Each of the above 3 portions has its own blood 
vessel, as follows: (1) the foregut is supplied 
by the celiac artery, (2) the midgut is supplied 
by the superior mesenteric artery, (3) the 
hindgut is supplied by the inferior mesenteric 
artery (Fig. 471). 

The celiac artery supplies the stomach and 
the duodenum to the entrance of the bile duct 
and its associated glands, the liver, the pan- 
creas and the spleen; the superior mesenteric 
artery supplies the duodenum distal to the en- 
trance of the bile duct, the jejunum, the ileum 
and the colon almost as far as the left colic 
flexure; the inferior mesenteric artery sup- 
plies the descending colon, the sigmoid and 
the rectum. Only the more common vascular 
patterns will be described; the student must 
always remember that anatomic variations 
must continually be kept in mind. 


Celiac Artery (Celiac Axis) 


The celiac artery (celiac axis) is the first branch 
of the abdominal aorta; it is short, about % 
inch long, and thick. The artery originally 
arose at the level of the 7th cervical vertebra, 
but during development, the lungs pushed the 
diaphragm caudally, and the diaphragm in 
turn forced the stomach and the celiac vessel 
downward. Therefore, in its final position the 
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median arcuate ligament, which unites the 2 
crura of the diaphragm, lies immediately 
above the artery, and the crura are on each 
side of it. 

The vessel cannot be seen until the lesser 
omentum is incised, and then it is found im- 
mediately above the pancreas and behind the 
posterior parietal peritoneum. It is found at 
the level between the last thoracic and the 
Ist lumbar vertebrae. After passing almost 
horizontally forward for 2 inch it trifurcates 
into (1) the left gastric artery, (2) the splenic 
artery and (3) the hepatic artery. 


Left Gastric Artery (Coronary Artery). This 
is the smallest of the 3 branches. It runs 
obliquely upward and to the left until it nearly 
reaches the esophagus; it then arches sharply 
forward to reach the lesser curvature of the 
stomach. In so doing it drags a fold of perito- 
neum with it; this forms a “mesentery” for 
the vessel, known as the left gastropancreatic 
fold. In its course it first lies on the left crus 
of the diaphragm behind the lesser sac; it then 
passes into the gastropancreatic fold and fi- 
nally continues between the layers of the 
lesser omentum. When it reaches the stom- 
ach, it supplies esophageal branches which 
pass upward and anastomose with esophageal 
branches of the thoracic aorta. Its branches 
are distributed to both surfaces of the stom- 
ach; these anastomose with the short gastric 
branches of the splenic and the gastroepiploic 
arteries. 


Splenic Artery (Lineal Artery). This is the 
largest branch of the celiac artery and is re- 


Mesenteric Vessels 
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Fig. 471. A diagrammatic representation of the embryology of the foregut, the midgut and the hindgut, 
and the blood supply to each of these and their derivatives. 


markable for its tortuosity. It travels to the 
left along the upper border of the pancreas, 
into which it sends branches. It crosses the 
left crus of the diaphragm, the left adrenal 
gland and the upper part of the left kidney. 
It then enters the lienorenal ligament, 
through which it gains entrance to the hilum 
of the spleen by means of 5 to 8 terminal 
splenic branches. Short gastric arteries (vasa 
brevia), from 4 to 6 in number, reach the fun- 
dus and the greater curvature of the stomach 
via the gastroepiploic vessels. The left gastro- 
epiploic artery arises from the front of the 
splenic artery close to its termination, passes 
forward between the layers of the gastro- 
splenic omentum into the greater omentum 
and then continues from left to right along 
the greater curvature, about one finger’s 
breadth from it. It anastomoses with the right 
gastroepiploic artery. In its course it supplies 
branches to both surfaces of the stomach and 
long slender omental branches. 


Hepatic Artery. This artery passes to the right 
along the upper border of the pancreas, turns 
upward in the lesser omentum and runs in 
front of the portal vein and to the left of the 
common bile duct. Its gastroduodenal branch 
arises above the upper border of the first part 
of the duodenum, passes downward behind 
the duodenum and in its downward course 
lies between the duodenum and the pancreas. 
Opposite the lower border of the duodenum, 
the gastroduodenal artery divides into a right 
gastroepiploic and a superior pancreatico- 


duodenal artery. The right gastroepiploic ar- 
tery travels from right to left between the 
layers of greater omentum, supplying the 
stomach, as does the left gastroepiploic with 
which it anastomoses. The superior pancreati- 
coduodenal artery continues between the 
duodenum and the head of the pancreas. It 
forms a double arch by dividing into anterior 
and posterior branches and anastomoses with 
similar branches from the inferior pancreati- 
coduodenal branch of the superior mesenteric 
artery. The anterior arch runs in front of the 
head of the pancreas, and the posterior arch 
passes behind it (Fig. 375). 


Right Gastric Artery. This artery arises oppo- 
site or near (usually distal to) the gastroduode- 
nal artery, makes a sharp turn backward on 
itself and passes between the layers of the 
lesser omentum to the pylorus; it then passes 
along the lesser curvature of the stomach and 
anastomoses with the left gastric artery. The 
hepatic artery continues upward to the porta 
hepatis, where it divides into right and left 
hepatic arteries which are distributed to cor- 
responding lobes of the liver. The cystic artery 
is usually a branch of the right hepatic artery. 


Mesenteric Vessels 


Superior Mesenteric Artery. This vessel con- 
stitutes a vascular axis around which early ro- 
tation takes place. After rotation, those 
branches which originally arose from the right 


560 


side of the vessel now arise from the left, and 
vice versa. This vessel originates from the 
front of the aorta about % inch below the 
origin of the celiac artery and opposite the 
first lumbar vertebra. At its origin it lies be- 
hind the pancreas and the splenic vein. Where 
it passes in front of the duodenum it is crossed 
anteriorly by the transverse colon; in the 
lower part of its course it lies behind the coils 
of the small intestine. Although the superior 
mesenteric artery and vein lie behind the 
body of the pancreas, they pass anterior to 
the uncinate process of the head of the pan- 
creas. The vessel takes a downward and for- 
ward course, descending between the layers 
of the mesentery to the right iliac fossa where, 
considerably diminished in size, it anasto- 
moses with one of its own branches, the ileo- 
colic artery. As it travels in the root of the 
mesentery it crosses the 3rd part of the duode- 
num, the aorta, the inferior vena cava, the 
right ureter and the psoas major muscle in 
the order named. Its branches are: the inferior 
pancreaticoduodenal, the intestinal (jejunal 
and ileal), the ileocolic, the right colic and the 
middle colic arteries; although mentioned last, 
the middle colic artery is really the 1st branch. 


Inferior Pancreaticoduodenal Artery. This ar- 
tery arises opposite the upper border of the 
transverse (3rd) portion of the duodenum. It 
courses to the right between the head of the 
pancreas and the duodenum, passing behind 
the superior mesenteric vein. The vessel di- 
vides into anterior and posterior branches 
which anastomose with corresponding ante- 
rior and posterior branches of the superior 
pancreaticoduodenal artery and in this way 
forms 2 vascular arches: one in front of the 
right margin of the head of the pancreas and 
the other behind it. These arches supply the 
head of the pancreas and, by means of the 
straight vasa recta, supply the corresponding 
part of the duodenum. Of surgical importance 
is the fact that the pancreatic part of the com- 
mon duct descends between these arches (Fig. 
375). 


Jejunal and Ileal Arteries. From 10 to 15 in 
number, these arteries spring from the left 
(convex) side of the superior mesenteric artery 
and pass obliquely forward and downward be- 
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tween the layers of the mesentery; each di- 
vides into 2 branches which anastomose with 
adjacent arteries to form a series of arcades, 
the convexities of which are directed toward 
the intestines. From these arcades, straight 
terminal vessels, the vasa recta, pass to the 
wall of the gut, some going to one side, and 
some to the other. Occasionally, one of these 
will divide and supply both sides of the gut 
wall. Distally, from jejunum to ileum the up- 
per jejunal branches form only 1 or 2 arches, 
but the process of division and union is re- 
peated 3 or 4 times in the region of the ileai 
branches; thus 4 or 5 tiers of arches are formed 
in the longer lower part of the mesentery. 
This latter fact may aid the surgeon in distin- 
guishing between the upper and the lower 
coils of small intestine. The vasa recta them- 
selves do not anastomose but pass to the sub- 
mucous plexus, where they ramify and then 
anastomose. 

In severing the bowel, it is advisable to re- 
move less of the mesenteric than of the anti- 
mesenteric border so that the retained cut 
margin may have an adequate blood supply. 


Colic Branches. The 3 colic branches are: the 
ileocolic, the right colic and the middle colic. 
They arise from the right side of the superior 
mesenteric artery. They travel behind the 
peritoneum, bifurcate and anastomose with 
the artery on each side of it; in this way the 
loops form a continuous vessel which runs 
along the mesenteric margin of the large 
bowel. This same arrangement continues in 
the branches of the left colic and the sigmoid 
branches (inferior mesenteric artery). The re- 
sult is a continuous “vessel” known as the 
“marginal artery of Drummond.” This “ar- 
tery” extends from the ascending colon to the 
end of the pelvic colon; its distance from the 
margin of the bowel varies from almost hug- 
ging the bowel wall to 8 cm. away from it. 
It lies closest to the bowel along the descend- 
ing and the pelvic colons. 


Ileocolic Artery. This artery arises from the 
superior mesenteric artery about halfway 
down its right side; it descends subperito- 
neally toward the ileocolic region. In its course 
it crosses the inferior vena cava, the ureter 
and the testicular vessels (the latter two struc- 
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tures lie on the psoas fascia). It divides into 
ascending and descending branches. The as- 
cending branch supplies the proximal part of 
the ascending colon and anastomoses with the 
right colic artery. The descending branch may 
be a very short trunk and is better referred 
to as the ileocecal artery. The latter also sup- 
plies the ileal branch, which anastomoses with 
the end of the superior mesenteric artery; 
therefore, it anastomoses with itself. The ileo- 
cecal artery also supplies anterior and poste- 
rior cecal branches. 

The all-important and sometimes trouble- 
some appendicular artery is a branch of the 
posterior cecal branch of the ileocecal artery. 
It passes behind the ileum and not behind 
the cecum. The artery enters the free border 
of the mesentery of the appendix and sends 
a few straight branches to the vermiform ap- 
pendix. It does not anastomose with any other 
artery; hence, if it is obstructed or kinked, 
early gangrene of the appendix results. 


Right Colic Artery. This vessel arises a little 
below the duodenum and runs to the right 
and behind the peritoneum. It crosses the 
same structures as the ileocolic artery and di- 
vides into an ascending branch which anasto- 
moses with the middle colic and a descending 
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branch which anastomoses with the ileocolic. 
Not infrequently, the right colic artery fails 
to arise as a separate branch but springs from 
the ileocolic or the middle colic artery. 


Middle Colic Artery. This is the first branch 
of the superior mesenteric artery. The term 
“middle” should not be misleading, since the 
vessel actually passes to the right side of the 
transverse colon. Because of this fact the open- 
ings in the transverse mesocolon should be 
made in its left half. The vessel arises at the 
lower border of the pancreas and enters the 
root of the transverse mesocolon. It then 
passes downward and to the right between 
the 2 layers of the transverse mesocolon. It 
divides into a right branch, which supplies the 
right third of the transverse colon and anasto- 
moses with the ascending branch of the right 
colic artery, and a left branch which supplies 
the left two thirds of the transverse colon and 
anastomoses with the superior left colic artery. 
Students erroneously picture the vessel as 
passing upward because of the many illustra- 
tions in which the transverse colon has been 
pulled up. In reality its course is distinctly 
downward. The middle colic artery may be 
injured while incising the transverse mesoco- 
lon in a posterior gastrojejunostomy, or it may 
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Fig. 472. “Meandering mesenteric” artery, SMA-sup. mes. art., IMA-inf. mes. art. See Text. 
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be ligated accidentally with the gastrocolic li- 
gament (greater omentum) in performing a 
gastrectomy. If the vessel has a free anastomo- 
sis with the left colic artery, necrosis will be 
avoided, but should the anastomosis be imper- 
fect, the colon in the region of the splenic 
flexure becomes gangrenous and resection be- 
comes imperative. 

For inferior mesenteric artery see p. 495. 

The clinical significance of the “meandering 
mesenteric artery” becomes more important 
when it is noted that more than 20 percent 
of individuals do not have a marginal artery 
of Drummond in the region of the sigmoid 
and rectosigmoid. Hence, the “meandering 
mesenteric artery” is the most effective collat- 
eral vessel that develops in response to proxi- 
mal occlusive lesions of the major mesenteric 
artery (Fig. 472). The “meandering mesen- 
teric artery” is easily identified by arteriogra- 


Abdomen: Blood Supply of the Gut 


phy because of its very tortuous course. The 
marginal artery of Drummond is seldom seen 
on arteriography. Earlier surgical anatomical 
teachings stressed the critical point of Sudek 
(see p. 495), the anastomosis between the su- 
perior hemorrhoidal artery and the lowest sig- 
moidal artery. Because the blood supply of 
the terminal sigmoid and the upper rectum 
was formerly thought to be precarious, a surgi- 
cal dictum was created: “The safest point for 
ligation during a left colectomy is a point on 
the inferior mesenteric artery above the ori- 
gin of the last sigmoid artery.” This so-called 
critical point of Sudek therefore led to an ana- 
tomic misconception. In some cases of occlu- 
sion of all 3 mesenteric arteries, the flow of 
blood to the gut is from the aorta through 
the internal iliac artery, to the inferior hemor- 
rhoidal artery, next to the superior hemorrhoi- 
dal and then to the “meandering” artery. 


SECTION 5 PELVIS 


Chapter 29 


Pelvic 


The complete bony ring which forms the pel- 
vis, so named because of its resemblance to 
a basin, is composed of 2 hip bones, anteriorly 
and laterally, and the sacrum and the coccyx, 
posteriorly. The cavity thus created is divided 
into a smaller inferior portion called the true 
pelvis and a larger superior one, the false pel- 
vis. The line of separation between these two 
is the iliopectineal line (Fig. 473). The side 
walls of the true pelvis are formed largerly 
by the pubes and the ischia; the side walls 
of the false pelvis are formed by the ilia. 
Distinct differences exist between the male 
and the female pelves. The female pelvis is 
distinguished from the male pelvis by the fol- 
lowing features: its bones are more delicate, 
its depth less, the entire pelvis is less massive, 
its muscular impressions are less marked, the 
anterior iliac spines are more widely sepa- 
rated, the superior aperture of the lesser pel- 
vis is larger and more circular, the obturator 
foramina are triangular, the coccyx is more 
movable, and the pubic arch is wider and 
more rounded, forming an angle rather than 
an arch. In brief, the female pelvis appears 


to be wider, more shallow and more graceful. | 


Hip Bone 


Galen wrote that since the hip bone resembles 
no commonplace object, no name had been 
given to the bone; therefore, it became known 
as the innominate or unnamed bone. It con- 
sists of 3 parts: the ilium, the ischium and the 
pubis. These meet at the acetabulum. Up to 
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the age of 12 the connecting piece is a triradi- 
ate segment of cartilage which begins to ossify 
at about this period; ossification usually is com- 
plete by the age of 16 (Figs. 474 and 475). 


Ilium 


The ilium (L., flank) is the largest of the 3 
bones and forms the larger upper expanded 
area of the hip bone. It is fan-shaped, the han- 
dle of the fan being placed downward where 
the ilium joins the ischium and the pubis. 

The iliac crest is the arched upper border 
that is easily felt in the living subject at the 
lower limit of the waist. Its margins are called 
the outer and the inner lips, and the interval 
between them is called the intermediate area. 
The highest point of the crest is at its middle 
and toward the back; this marks the level of 
the body of the 4th lumbar vertebra. 

The iliac crest is crossed by cutaneous 
nerves; since no muscles cross it, the deep fas- 
cia attaches here. It terminates anteriorly in 
a small tubercle called the anterior superior 
iliac spine, which is an important surgical 
landmark and can be felt easily at the upper 
end of the fold of the groin. 

The crest terminates behind in a sharp pos- 
terior superior iliac spine which can be felt 
on a level with the 2nd sacral spine, at the 
bottom of the small dimple which is visible 
in the upper and the medial part of the but- 
tock. 

The tubercle of the crest is a tiny projection 
on the external lip; it is palpable about 2 
inches above and behind the anterior superior 
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Fig. 473. The bony pelvis, seen from above. 


spine; in the living, it forms the highest point 
when viewed from in front. It is approxi- 
mately at the level of the body of the 5th lum- 
bar vertebra. 


Borders. The anterior border of the ilium is 
concave and extends from the anterior supe- 
rior spine to the iliopubic eminence, which 
marks the junction between the ilium and the 
pubis. This border is subdivided into 2 equal 
concavities by the anterior inferior iliac spine, 





Fig. 474. The innominate (hip) bone. It consists 
of 3 parts (the ilium, the ischium and the pubis), 
which meet at the acetabulum. 


the latter being too deeply situated to be pal- 
pable through the skin; the iliopsoas leaves 
the abdomen through the notch between it 
and the iliopubic eminence. 

The posterior border extends from the pos- 
terior superior iliac spine toward the ischial 
spine through a point on the margin of the 
greater sciatic notch opposite the middle of 
the acetabulum. It is subdivided into 2 un- 
equal concavities by the posterior inferior 
iliac spine, which lies at the posterior limit 
of the sacroiliac joint about 1 inch below the 
posterior superior iliac spine. The upper con- 
cavity is slight; the lower concavity forms the 
upper part of the greater sciatic notch. 


Surfaces. The ilium has 2 surfaces, an inner 
and an outer. 

The inner surface is subdivided into the 
iliac fossa, the tuberosity, the auricular surface 
and an area within the true pelvis (Fig. 475 
B). The iliac fossa is the large, smooth, medial 
surface which is limited posteriorly by a 
roughened area, through which the hip bone 
articulates with the sacrum at the sacroiliac 
joint, and is limited inferiorly by a prominent 
ridge, the iliopectineal line. The iliac tuberos- 
ity is the rough part of the inner surface, and 
the auricular surface articulates with the sac- 
rum. The area within the true pelvis is the 
lowest part which is smooth and helps to form 
the side wall of the true pelvis. 

The outer (gluteal) surface, also known as 
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Fig. 475. The right hip bone: (A) seen from without; (B) seen from within. 


the dorsum ilii, presents a wavy appearance 
and is crossed by 3 rough lines: the inferior, 
the middle and the posterior gluteal lines, 
which converge on the greater sciatic notch 
and divide the surface into 4 areas for the 
gluteal muscles (Fig. 475 A). The areas for the 
gluteus medius and minimus muscles are ex- 
tensive; however, a small and restricted area 
is present between the gluteus minimus and 
the acetabular margin for the iliofemoral liga- 
ment and the reflected head of the rectus fem- 
oris. The posterior gluteal line passes upward 
and slightly forward from the posterior infe- 
rior iliac spine to the iliac crest. The middle 
(anterior) gluteal line runs from the middle 
of the upper border of the greater sciatic 
notch forward to the iliac crest, just in front 
of its tubercle. The inferior gluteal line is 
quite indistinct and passes from the apex of 
the greater sciatic notch to the notch which 
exists between the anterior superior and the 
anterior inferior iliac spines. 


Ischium 


The ischium (G., buttock) consists of 3 parts: 
a body which adjoins the ilium, a tuberosity 
projecting downward from the body and a ra- 


mus (inferior) which passes from the tuberos- 
ity upward below the obturator foramen. 


Body. The body is triangular on cross section 
and therefore presents 3 surfaces which are 
separated by 3 borders. The borders are parts 
of the margin of the obturator foramen, the 
acetabulum and the greater sciatic notch. The 
surfaces are pelvic (medial), acetabular (lat- 
eral) and gluteal (posterior). 


Tuberosity (Tuber ischii). This is an oval mass 
of bone which caps the posterior aspect of 
the lower part of the body of the bone. The 
upper part of the medial border is crossed 
by the tendon of the obturator internus; it is 
smooth, is covered by a bursa, and it forms 
part of the lesser sciatic notch. The lower part 
of the medial border is a rough crest for the 
attachment of the sacrotuberous ligament. 
The lateral border gives origin to the quadra- 
tus femoris, and between this and the acetabu- 
lum the groove for the obturator externus is 
located. Its chief function is to support the 
body weight when sitting. 


Ramus. The ramus is a flattened bar of bone 
that projects forward and medially from the 
tuberosity. It joins the inferior ramus of the 
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pubis, and together these “conjoined rami” 
form the sides of the pubic arch. 


Sciatic Notches. The greater sciatic notch is 
a wide gap which is situated between the pos- 
terior inferior iliac spine and the ischial spine; 
it is bounded by the posterior borders of the 
ilium and the ischium. The lesser sciatic notch 
is the small gap situated between the ischial 
spine and the ischial tuberosity. These notches 
are converted into sciatic foramina (greater 
and lesser) by the sacrospinous and the sacro- 
tuberous ligaments. The floor of the cartilage- 
covered surface of the lesser sciatic notch is 
grooved by the tendon of the obturator inter- 
nus. 


Pubis 


The pubic bone (L., pubis, adult) has received 
its name from that region where the hair de- 
velops during adulthood. It consists of a body 
and 2 rami (superior and inferior). 


Body. The body is the wide, flattened, medial 
part of the bone, the pelvic surface of which 
looks upward and is smooth; it is in relation 
to the retropubic fat pad and the bladder. The 
femoral surface is rough, and the symphysial 
surface is joined to the opposite pubic bone 
by the fibrocartilage and the ligaments of the 
symphysis pubis; the lateral border bounds the 
obturator foramen. 


Crest. The pubic crest forms the upper bor- 
der of the body of the bone and is easily felt 
at the lower limit of the abdomen and at the 
side of the midline. 


Tubercle. The crest terminates laterally in 
the pubic tubercle to which the medial end 
of the inguinal ligament is attached. If the 
hip bone is held in the erect position, the tu- 
bercle and the anterior superior iliac spine 
are in the same vertical plane. 


Rami. The superior ramus has 2 ends, 3 sur- 
faces and 3 borders. The medial end is ex- 
panded and becomes the body, and the lateral 
end expands and fuses with the ilium and the 
ischium to form part of the acetabulum. The 
upper border is sharp and is called the pecti- 
neal line; it extends from the pubic tubercle 
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to the iliopubic eminence. The anterior bor- 
der is a ridge known as the obturator crest; 
it extends from the pubic tubercle to the ace- 
tabular notch. The inferior border forms the 
upper margin of the obturator foramen. The 
pectineal surface is triangular in shape and 
is situated between the pubic crest and the 
iliopubic eminence; it gives origin to the pecti- 
neus muscle. The pelvic surface is smooth and 
continuous with the body of the bone; the ob- 
turator surface is the upper boundary of the 
obturator foramen. 

The inferior ramus passes downward and 
laterally from the body to meet the ramus 
of the ischium. 


Acetabulum 


The acetabulum (L., little cup for vinegar) 
forms the socket for the head of the femur 
(Fig. 474). The ilium, the pubis and the 
ischium meet in the center of this cavity, and 
their lines of fusion radiate from the center 
like the spokes of a wheel. These lines are 
visible in the child, but in the adult they are 
no longer evident. The acetabulum is directed 
laterally and downward. It presents a horse- 
shoe-shaped area which is covered with carti- 
lage, but it leaves a rough acetabular fossa in 
the floor which adjoins the acetabular notch 
(the gap in the lower part of the cup above 
the obturator foramen). The transverse liga- 
ment completes the rim and converts the 
notch into a foramen (Fig. 475). The articular 
branches of the obturator and the medial cir- 
cumflex arteries enter the joint through this 
notch. 

The obturator foramen is below the aceta- 
bulum and is closed by the obturator mem- 
brane, which is attached to its margins except 
above at the obturator groove; through this 
groove the obturator vessels and nerves pass 
out of the pelvis. 


Sacrum and Coccyx 


Sacrum 


The sacrum is triangular in shape, possessing 
an upper surface which forms its base and a 


Sacrum and Coccyx 


lower end which corresponds to the apex; it 
has pelvic, dorsal and 2 lateral surfaces (Fig. 
476). The bone is formed by 5 fused vertebrae. 
The female sacrum is broader than the male 
sacrum and is more abruptly curved below. 
It is inserted like a wedge between the 2 hip 
bones; its base articulates with the last lumbar 
vertebra and its apex with the coccyx. The 
pelvic surface is marked by 4 transverse ridges 
at the ends of which are the anterior sacral 
foramina. There are 4 foramina on each side; 
they diminish in size from above downward 
and give exit to the anterior divisions of the 
sacral nerves and entrance to the lateral sacral 
arteries. Lateral to these foramina are the so- 
called lateral parts of the sacrum. 

A sagittal section through the center of the 
bone shows that the bone is united at the cir- 
cumference, but that a centrally placed inter- 
val is filled by fibrocartilage. The dorsal sur- 
face is convex and reveals the posterior sacral 









Fig. 476. The sacrum. (A) Seen from in front. (B) 
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foramina which are smaller in size than the 
anterior and transmit the posterior divisions 
of the sacral nerves. The inferior articular pro- 
cesses of the 5th sacral vertebra are prolonged 
downward as the sacral cornua, which connect 
with the cornua of the coccyx. The anterior 
projecting upper surface of the body of the 
lst sacral vertebra is the promontory. The pos- 
terior wall of the sacral canal is formed by 
the superficial psterior sacrococcygeal liga- 
ment where the laminae of the 5th sacral 
vertebra are absent. The sacral hiatus trans- 
mits the 5th nerve, the coccygeal nerves and 
the fillum terminale. 


Coccyx 


The coccyx is formed from the rudimentary 
vertebrae which tend to fuse. The bone has 
a base, an apex, dorsal and pelvic surfaces and 
lateral borders. Its apex points downward. 
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Fig. 477. The bony structure of the sacrococcygeal region. 


Sacrococcygeal Region 


Toward the base of the coccyx, where it articu- 
lates with the sacrum, 2 lateral bony promi- 
nences can be palpated; these are the coccy- 
geal and the sacral cornua which bound the 
sacral hiatus (Fig. 477). The hiatus is the exter- 
nal opening of the sacrococcygeal canal. The 
termination of the subarachnoid space can be 





Fig. 478. Sacral anesthesia. A needle has been 
placed through the sacral hiatus and into the sacral 
canal. The bony roof of the sacral canal has been 
removed. 


indicated by a line which joins the posterior 
superior spines of the Ist and the 2nd sacral 
foramina. 

The skin over the sacrococcygeal region is 
resistant and thick; it is loose and movable 
over the convexity of the sacrum but is bound 
down in the region of the anal crease. The 
inferior portion of the dorsal layer of lumbo- 
dorsal fascia forms a musculoaponeurotic layer 
over the sacrum. This fuses with the tendinous 
origin of the spinal muscles. 


Sacral anesthesia. This type of anesthesia is 
extradural. It reaches the nerves within the 
sacral canal (Fig. 478) and produces anesthesia 
in the perineum and the external genitalia. 
In the caudad type of sacral anesthesia the 
needle is placed through the sacrococcygeal 
ligament, into the sacral hiatus and then up- 
ward along the sacral canal for from 3 to 4 
cm. 


Sacroiliac Region 


Transsacral anesthesia. This type of anesthe- 
sia is produced by direct injection of the an- 
esthetizing agent into the sacral canal and 
around the sacral nerves via each of the poste- 
rior sacral foramina. 

The sacroiliac joints include the 3 upper sa- 
cral segments and the articular surfaces of the 
ilia (Fig. 479). The joints act as shock absorbers 
between the spinal column and the lower ex- 
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Fig. 479. The sacroiliac region: (A) cross section; (B) seen from behind. 


tremities. Although the sacroiliac articulation 
is synovial in type, it permits very little move- 
ment. The articular surfaces of the joint are 
mainly smooth, but several projections and 
depressions help to lock and stabilize it. Union 
is maintained by anterior, interosseous, short 
and long posterior sacroiliac ligaments. The 
sacrotuberous and the sacrospinous ligaments 
further stabilize the joint; these arise over the 
whole area of the posterior sacroiliac liga- 
ments and attach at the ischial tuberosity and 
the spine. The interosseous sacroiliac liga- 
ment, the short and the long posterior sacro- 
iliac ligaments, and the iliolumbar ligament re- 
sist forward rotation of the upper end of the 
sacrum. The sacrotuberous and the sacrospi- 
nous ligaments resist backward rotation of the 
lower end of the sacrum (Fig. 480). 

Surgical approaches to the sacroiliac joint 
have been described by Smith-Petersen and 
Picque. 


Muscular and Ligamentous 
Attachments 


The attachments to the hip bone can be out- 
lined in the following way (Fig. 481): 


ILIUM: 
To the anterosuperior iliac spine: the ingui- 


nal ligament, the sartorius and the tensor 
fasciae latae muscles. 

To the outer lip: the external abdominal 
oblique muscle, the latissimus dorsi and the 
fascia lata. 

To the intermediate area: 
oblique muscle. 

To the inner lip: the transversus abdominis 
muscle, the quadratus lumborum muscle 
and the iliolumbar ligament. At the inner 
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Fig. 480. The ligaments that resist sacral rotation. 
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Fig. 481. Muscular attachments to the iliac bone: (A) seen from without; (B) seen from within. 


lip the transversalis fascia becomes continu- 
ous with the iliac fascia. 

To the posterosuperior iliac spine: the long 
posterior sacroiliac ligament. 

To the posterosuperior and the posteroinfe- 
rior iliac spines: the piriformis muscle. 

To the anteroinferior iliac spine: the 
straight head of the rectus femoris muscle 
and the iliofemoral ligament. 

To the gluteal surface: the reflected head 
of the rectus femoris muscle, the gluteus 
minimus, the gluteus medius and the glu- 
teus maximus muscles. 

To the upper part of the iliac fossa: the 
iliacus. 

To the iliac tuberosity: the sacrospinalis 
muscle and the posterior and the interosse- 
ous sacroilac ligaments. 

To the auricular surface: the anterior sa- 
croiliac ligament. 


ISCHIUM AND PUBIS: 
To the ischial tuberosity: the quadratus 
femoris, the sacrotuberous ligament, the 


semitendinosus, the long head of the biceps 
and the adductor magnus. 

To the ischial spine: the gemellus superior 
and the gemellus inferior muscles, the leva- 
tor ani, the coccygeus and the sacrospinous 
ligament. 

To the pelvic surface of the ischium and 
the ilium: the obturator internus. 

To the body of the pubis (pelvic surface): 
the levator ani, the puboprostatic ligament 
and the adductor longus. 

From the region of the symphysis and the 
inferior ramus: the gracilis, the adductor 
brevis and the obturator externus. The ad- 
ductor magnus originates at the lower end 
of the ischium medial to the gracilis. The 
crus penis, the ischiocavernosus, the super- 
ficial transverse perinei, the perineal mem- 
brane, the sphincter urethrae, the deep 
transverse perinei, the falciform process of 
the sacrotuberous ligament and the inferior 
pubic ligament are also attached here. 

To the symphysial surface: the fibrocarti- 
lage of the symphysis and the anterior, pos- 
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terior, superior and inferior pubic liga- 
ments. 

To the crest: the aponeurosis of the external 
abdominal oblique, the fascia lata, the con- 
joined tendon, the pyramidalis and the rec- 
tus abdominis muscles and the transversalis 
fascia. 

To the pectineal line: the pectineus muscle, 


the pectineal fascia, the reflected part of 
the inguinal ligament, the conjoined ten- 
don, the transversalis fascia and the psoas 
minor muscles. 

To the anteroinferior iliac spine: the ilio- 
femoral ligament. 

To the obturator crest: the pubofemoral lig- 
ament. 


SECTION 5 PELVIS 


Chapter 30 


Pelvic Diaphragm 


Muscles 


The muscles within the true pelvis may be 
considered in 2 groups: (1) 2 muscles which 
together form the pelvic diaphragm and are 
associated with the pelvic viscera (levator ani 
and coccygeus) and (2) 2 muscles which are 
associated with the lower extremity but arise 
in the pelvis (obturator internus and pirifor- 
mis). 

The walls of the pelvis minor are covered 
on each side by the obturator internus and 
posterior to this by the piriformis; these are 
referred to as the pelvifemoral group of mus- 
cles (Fig. 482). Therefore, the walls of the pel- 
vis are padded by muscles of the thigh, since 
both the obturator internus and the piriformis 
insert into the femur. They are covered by 
fascia, which will be discussed subsequently 
(p. 574). 


Obturator Internus Muscle. This muscle cov- 
ers the inner aspect of the pelvis. It arises from 
the pelvic surface of the obturator membrane 
and from the pelvic surface of the hip bone 
behind the obturator foramen. In its posterior 
part the muscle extends up to the iliopectineal 
line. Its upper border recedes and falls short 
of the upper margin of the obturator foramen; 
thus, the obturator vessels and nerves can 
leave the pelvis without having to pierce it. 
The muscle bundles converge toward and al- 
most fill the lesser sciatic foramen; the con- 
verging tendon bends sharply at the margin 
of the foramen and inserts on the medial sur- 
face of the greater trochanter just above the 
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trochanteric fossa. It acts as an external rotator 
of the thigh. The nerve supply of the obturator 
internus muscle has been referred to as a “‘spe- 
cial nerve” which arises from L 5 and S 1 
and 2. 


Piriformis Muscle (S 1 and 2). Like the obtu- 
rator internus, this muscle arises from the os- 
seoligamentous framework of the interior of 
the pelvis. It lies on the posterior wall of the 
pelvis and arises from the 2nd, the 3rd and 
the 4th pieces of the sacrum. Its fibers travel 
outward and converge to form a musculoapo- 
neurotic tendon which leaves the pelvis 
through the greater sciatic foramen. It inserts 
into the top of the greater trochanter and, 
although it belongs, with the obturator inter- 
nus, to the pelvifemoral group, nevertheless 
it serves a diaphragmatic function, since it is 
continuous in the same plane with the coccy- 
geus (Fig. 483 B). In the standing position, 
the muscle is on the wall rather than on the 
floor of the pelvic cavity. It abducts the flexed 
thigh and laterally rotates the extended thigh. 

The pelvic diaphragm is composed of 2 mus- 
cles on each side: the levator ani and the coc- 
cygeus (Figs. 483, 484 and 485). 


Levator Ani Muscle. The levator ani muscle 
may be divided into 2 parts: the pubococcy- 
geus and the iliococcygeus. The 3 muscles (pu- 
bococcygeus, iliococcygeus and coccygeus) 
are the original “tail” muscles which take this 
origin from the pelvic bone and together form 
the whole of the pelvic diaphragm. A distinct 
space of cleft separates them, but this is appar- 
ent only when the fascia is removed. The leva- 


Fascia 





Fig. 482. Muscles of the true pelvis (obturator in- 
ternus and piriformis). (A) Seen from behind; a sec- 
tion of the sacrotuberous ligament has been re- 
moved. (B) Posterolateral view. 


tor ani arises from the inner side of the pubis 
for a short distance lateral to the symphysis 
and from the tendinous arch (white line). 

The pubococcygeal portion of the levator 
ani is placed more medially; its fibers pass in 
an anteroposterior direction and insert into 
a dense ligament behind the rectum. This liga- 
ment is known as the anterior sacrococcygeal 
ligament and is inserted into the lower two 
pieces of sacrum and the upper segment of 
coccyx. The pubococcygeus muscle has been 
termed the “visceral” part of the pelvic dia- 
phragm, since this muscle fixes the terminal 
portions of the visceral tubes. There is no hia- 
tus in the levator surrounding the visceral 
tubes. Therefore, the implantation of the me- 
dial fibers of the pubococcygeus firmly fixes 
the viscera and constitutes a firm attachment. 
This intimate relationship between the pubo- 
coccygeus and the viscera is of surgical impor- 
tance in the proper understanding of the me- 
chanics of surgical repair. 
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The iliococcygeal portion of the levator ani 
is placed more laterally and posteriorly than 
the pubococcygeus, and its fibers take a more 
transverse course. Ít is inserted into the sides 
of the sacrum and into the anococcygeal 
raphe. The iliococcygeus has no relation to 
the organs as they pass from the pelvis to the 
exterior; even its most anterior fibers do not 
reach the anal canal. In crossing the midline 
in front of the coccyx, the muscle forms part 
of the floor and the wall against which the 
terminal part of the rectum rests. It also offers 
indirect support to the sigmoid and to the jeju- 
noileum when the body is in the standing posi- 
tion. It is of obstetric importance as a support 
but of no great importance in gynecologic re- 
pairs. 


Coccygeus Muscle. This fills the space be- 
tween the coccyx and the ischial spine. It is 
of little importance as a diaphragmatic sup- 
port but helps to complete or fill in the forma- 
tion of the pelvic diaphragm. It is of major 
importance as a support in pregnancy but 
does not suffer in the course of a normal deliv- 
ery. 

The obturator internus, the piriformis and 
the coccygeus assist the associated ligaments 
in maintaining fixation of the sacroiliac joint 
by holding the posterior wall of the pelvis to- 
gether. Therefore, they are of importance in 
relation to backache and so-called sacroiliac 
strain. 


Fascia 


The pelvic fascia, which is distributed in the 
basin-shaped pelvis, may be divided into 3 
main divisions: (1) the parietal fascia, which 
covers the muscles of the pelvic cavity, (2) 
the diaphragmatic fascia, which forms a cover- 
ing for the pelvic diaphragm and (3) the endo- 
pelvic or visceral fascia, which covers the pel- 
vic viscera. 


Parietal Fascia. The parietal layer of the pel- 
vic fascia lines the sides, the back and the front 
of the pelvic cavity and covers the muscles 
which form a padding for this cavity (Fig. 483 
B). It forms a rather firm layer over the mus- 
cles but a very thin layer over the periosteum. 
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Fig. 483. The pelvic diaphragm and its fascia. (A) 
Sagittal section showing the origin of the levator 
ani from the arcus tendineum; the arrows indicate 
the space which may exist (hiatus of Schwalbe) if 
the obturator fascia forms a tendinous sling be- 


It is a downward continuation of the transver- 
salis fascia, and as it enters the pelvis it at- 
taches on each side to the bone at the linea 
terminalis (iliopectineal line). It then contin- 
ues downward over the obturator internus 
muscle, forming a fascial covering for this 
muscle; it attaches to the bone about the mar- 
gin of the muscle. 

That portion of fascia which overlies the ob- 
turator internus muscle is known as the obtu- 
rator fascia. 

Over the upper portion of this fascia a 
curved line forms as a result of a thickening 
of the fascia; this thickened portion has been 
referred to as the white line or the arcus ten- 
dineum (Figs. 484 and 485). It is a linear thick- 
ening which extends from the symphysis pubis 
in front to the ischial spine posteriorly. It does 
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tween the pubic bone and the ischial spine. A her- 
nia could occur through such a gap. (B) Formation 
of Alcock’s canal; the arrow indicates the hiatus 
of Schwalbe. The parietal and the diaphragmatic 
pelvic fasciae are shown. 


not travel as a straight line but has a down- 
ward directed curvature. From this line the 
levator ani muscle and its pelvic fascia cover- 
ing (diaphragmatic pelvic fascia) take origin 
(Figs. 483, 484 and 485). 

It is true that in most instances the levator 
ani arises from the pubic bone anteriorly, the 
ischial spine posteriorly and the obturator fas- 
cia between these two points; however, at 
times the fascia forms a tendinous sling which 
attaches to bone only in front and behind. This 
results in a space which exists between the 
sling and the obturator fascia; such a space 
is known as the hiatus of Schwalbe. At times 
an elongation of pelvic peritoneum may enter 
the hiatus and into the so-called suprategmen- 
tal space (Fig. 485). If this exists, a hernia into 
the ischiorectal fossa may result. 
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Fig. 484. The pelvic diaphragm (levatores ani and coccygei) seen from above. The pubococcygeus 
and the iliococcygeus muscles form the levator ani; the pubococcygeus is the stronger of the two. 


Diaphragmatic Fascia. This fascia forms a The superior layer of diaphragmatic fascia 
sheath or envelope for the levator ani and the is strong and thick, but the inferior layer is 
coccygeus muscles. Therefore, it has 2 layers, much thinner; the superior layer is strong 
referred to as superior (internal) and inferior enough to give additional support to the struc- 
(external) layers (Figs. 483 A and 485). tures which rest upon the diaphragm. 
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Fig. 485. The pelvic diaphragm and its fascia, seen in a frontal section. 
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Fig. 486. The visceral part of the pelvic fascia. This layer of connective tissue envelopes the pelvic 


viscera. 


The inferior layer is known as the anal fas- 
cia; caudally, it becomes continuous with the 
superior fascia of the urogenital diaphragm 
and with the fascia of the sphincter ani muscle 
(Fig. 483 B). The levator ani muscles and their 
fascial coverings divide the extraperitoneal 
space on each side of the rectum into an upper 
pelvirectal and a lower ischiorectal space, 
both of which are filled with fat and areolar 
tissue. 

Along the lateral wall of each ischiorectal 
space Alcock’s canal is found. This canal is 
formed by a split in the obturator internus 
fascia; it carries the pudendal vessels and 
nerves as they course horizontally backward. 


Endopelvic or Visceral Fascia. The visceral 
part of the pelvic fascia is that layer of connec- 
tive tissue which envelopes the pelvic viscera 
(Fig. 486). On each side it is continuous with 
the fascia on the pelvic surface of the levator 
ani muscles and so indirectly becomes contin- 
uous with the parietal pelvic fascia along the 
origin of that muscle. It forms 3 tubes of fascia 
which encase in succession the urethra and 
the bladder, the vagina and the lower part 
of the uterus and the rectum. In each instance, 
the fascial sheath is in intimate contact with 
the musculature of the corresponding viscus 


and is believed to receive muscle fibers from 
it. These fascial tubes are connected by thick- 
ened portions of the visceral fascia (“liga- 
ments”). 

On either side of the vagina and the lower 
uterus the cardinal ligaments extend laterally 
to the parietal pelvic fascia. These are the 
bases of the broad ligaments and are impor- 
tant in gynecologic surgery; they have also 
been referred to as Mackenrodt’s ligaments. 

On each side of the rectum its lateral liga- 
ments extend backward to the sacrum; they 
are known as the rectal stalks. The front of 
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Fig. 487. Arrangement of structures on the side 
wall of the pelvis. The muscles (obturator internus 
and piriformis) and the sacral nerves are beneath 
the parietal layer of pelvic fascia; the internal iliac 
vessels are above it. 


Fascia 


the sacrum also is covered by fascia which 
passes behind the rectum and forms a fascia- 
enclosed space called the retrorectal space. 
This space is bounded in front by the fascia 
on the back of the rectum, behind by the pre- 
sacral fascia, and on each side by the lateral 
rectal stalks. In the male it forms the impor- 
tant rectovesical fascia and the sheath of the 
prostate (p. 591). 

The obturator internus and the piriformis 
muscles are located outside of (beneath) the 
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pelvic fascia, since they both ultimately leave 
the pelvis (Fig. 487). The sacral nerves are 
also beneath this fascia, since the majority of 
them leave the pelvis through the sacral fora- 
mina. Therefore, it is unnecessary for these 
muscles and nerves to pierce the fascia. On 
the other hand, the blood vessels of the pelvis 
(branches of the internal iliac vessels) are des- 
tined to remain in the pelvis and are located 
inside of (above) the pelvic fascia, between 
it and the peritoneum. 


SECTION 5 PELVIS 


Chapter 31 


Pelvic Viscera 


The Bladder (Vescia Urinaris) 


Embryology 


The allantois is an evagination from the primi- 
tive hindgut (Fig. 488 A). Shortly after this 
forms, the gut caudad to the point of origin 
of the allantois enlarges to form the cloaca. 
The cloaca is divided into a ventral and a dor- 
sal part by an ingrowing urorectal fold; the 
ventral part becomes the urogenital sinus, and 
the dorsal part becomes the rectum (Fig. 488 
B). The urorectal fold cuts into the cephalic 
part of the cloaca, where the allantois and the 
hindgut meet, and then grows caudad to the 
cloacal membrane. 

The entire upper part of the bladder (except 
the base) is derived from the cephalic or upper 
end of the anterior division of the cloaca, and 
the base and the prostatic urethra are formed 
from the lower end of the Wolffian duct. These 
two portions fuse along a line marked by a 
bar of muscle, the interureteric bar, which 
is situated between the ureters (Fig. 489). Or- 
gans which have a double origin may develop 
congenital abnormalities at the site of fusion 
of the two parts; hence, when congenital di- 
verticula of the bladder occur, they are found 
somewhere along the line of the interureteric 
bar and are in close proximity to the ureteric 
orifice. The urachus (the allantois of the em- 
bryo) is a fibrous cord which connects the apex 
of the bladder to the umbilicus. If it remains 
patent throughout its entire length, urine will 
be discharged at the umbilicus (Fig. 490 B). 
It is believed that if this condition exists, an 
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obstruction to the outflow of urine from the 
bladder is also present. The urachus may re- 
main open only in localized areas, forming 
small lacunae which are known as the lacunae 
of Luschka. They are usually symptomless and 
are found at postmortem. If such a lacuna en- 
larges, there results a urachal cyst which is 
situated below the umbilicus in the midline 
(Fig. 490 B). 

At birth, the true pelvis is underdeveloped; 
hence, little room is available for either intes- 
tines or bladder. During infancy the bladder 
is an abdominal organ, whether full or empty, 
and is in contact with the anterior abdominal 
wall (Fig. 491). The peritoneum is reflected 
off of the uterus and onto the vesical neck; 
in the male the reflection is even lower, off 
the rectum and onto the prostate. As the pel- 
vis enlarges the bladder gradually sinks into 
it so that the larger part of the empty bladder 
is accommodated by the pelvis at the 6th year. 
Shortly after puberty, the bladder becomes 
a pelvic organ exclusively. 


The Adult Bladder 


The empty and contracted urinary bladder 
has 4 angles, 4 surfaces and 4 ducts, a duct 
being attached to each angle. The spelling of 
each duct starts with the letter “U”: 1 urachus, 
l urethra and 2 ureters (Fig. 490 A). The ura- 
chus attaches to the anterior angle (apex), the 
right and the left ureters attach to the postero- 
lateral angles, and the urethra attaches to the 
inferior angle. 


The Bladder (Vescia Urinaris) 








Fig. 488. Embryology of the urinary bladder. (A) 
The formation of the allantois, an evagination of 
the primitive hindgut. (B) The arrow indicates the 
downgrowth of the urorectal fold which divides 
the cloaca into a ventral part (the urogenital sinus) 
and a dorsal part (the rectum). 


Surfaces. The 4 surfaces are the superior, the 
2 inferolaterals and the posterior. They are 
somewhat triangular in shape and are 
bounded by the 3 angles which connect 
around the borders. The superior surface and 
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Fig. 489. Embryology of the urinary bladder. (A) 
The bladder is divided into upper and lower parts. 
(B) The parts meet at the interureteric bar. (C) 
Formation of a bladder diverticulum at the inter- 
ureteric bar. 
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about a % inch of the posterior surface are 
the only parts covered with peritoneum. 

The superior surface is directed upward 
and is related to the coils of the ileum and 
the pelvic colon (Fig. 492). In the female, the 
uterus lies on this surface and tends to indent 
it. At its anterior end, this surface becomes 
somewhat pointed and forms the apex of the 
bladder. This is situated immediately behind 
the upper margin of the pubic symphysis and 
is continuous with a strong fibrous cord (me- 
dian umbilical ligament) which passes upward 
in the midline between the transversalis fascia 
and the peritoneum (p. 582). 

The inferolateral surfaces are in contact in 
front with the retropubic fat pad which fills 
the space of Retzius. More posteriorly, the sur- 
faces are related to the obturator internus 
muscle and the lateral umbilical ligament (ob- 
literated umbilical artery) above and to the 
levator ani muscles below. The numerous 
veins of the vesical venous plexus pass back- 
ward and are in intimate relationship with 
these surfaces. 

The posterior surface of the bladder faces 
as much downward as backward and has been 
referred to as the base or fundus of the urinary 
bladder. It lies in front of the rectum, and it 
can be palpated through the rectum. No peri- 
toneum exists between the rectum and the 
posterior surface of the bladder, except to a 
very slight degree above; however, they are 
separated from each other by the vasa defer- 
entia, the seminal vesicles and the rectovesical 
fascia (Denonvilliers’). 

The two vasa deferentia lie side by side on 
the posterior surface of the bladder and inter- 
vene between the seminal vesicles. The ure- 
ters enter at the superolateral angles. 


Neck. The neck of the bladder is that part 
which is continuous with the urethra. In the 
male it is embraced by the prostate and in 
the female it lies on the upper layer of the 
urogenital diaphragm (triangular ligament). It 
is the lowest part of the bladder and is con- 
nected with the lower part of the back of the 
pubis by the pubovesical or puboprostatic liga- 
ments. Because of the obliquity of the pubis 
in the erect posture, the bladder neck in the 
male lies a little below the level of the upper 
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Fig. 490. The urinary bladder. (A) Side view showing the surfaces, the angles and the “ducts.” (B) 


Malformations of the urachus. 


margin of the symphysis and about 2% inches 
behind it (Fig. 493). The bladder neck rests 
on the base of the prostate, and its muscle 
fibers are uninterruptedly continuous with 
those of the prostate. The union of the bladder 
and the prostate is marked on the outside by 
a groove in which lie the veins of the prostatic 
and the vesical plexuses. These veins extend 
above the groove onto the inferolateral sur- 
face of the bladder and below it onto the lat- 
eral aspect of the prostate gland. 

As the bladder fills, the neck remains fixed, 
the upper wall rises and, with the other sur- 
faces, increases in area and becomes more 
convex. The inferolateral surfaces approxi- 
mate themselves to a greater area of the side 
walls of the pelvis, the greater vessels and 
nerves, and the vasa deferentia. The borders 
become rounded and obliterated. The bladder 





Fig. 491. The position of the empty bladder. (A) 
In infancy, as an abdominal organ. (B) In the adult, 
as a pelvic organ. 


continues to rise out of the pelvis, stripping 
the peritoneum from the anterior abdominal 
wall so that it is in direct contact with the 
transversalis fascia for about 1% inches above 
the pubic bone. When contracted and emp- 
tied, the bladder lies in the lower and the 
anterior part of the pelvis immediately below 
the peritoneum in the extraperitoneal fatty 
tissue, the areolar element of which becomes 
condensed to form a sheath around it. A dis- 
tended bladder pushes the prostate backward, 
making it more prominent on rectal examina- 
tion; hence, the true size of the prostate can 
best be estimated through the rectum only 
when the bladder is empty. 


Prevesical or Retropubic Space of Ret- 
zius. This space is behind the pubic bone and 
in front of the urinary bladder (Fig. 493). The 
space is bounded anteriorly by the posterior 
sheath of the rectus muscle and the posterior 
surface of the pubis. It is limited below by 
the puboprostatic (pubovesical) ligaments in 
the fascia covering the levator ani. On each 
side it extends as far back as the internal iliac 
artery and its visceral branches. Superiorly, 
it is continuous with the interval that exists 
between the peritoneum and the transversalis 
fascia which extends up to the umbilicus; here 
it is limited on each side by the lateral umbili- 
cal ligaments. The median umbilical ligament 
(urachus) bisects it. This extraperitoneal space 
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Fig. 492. The urinary bladder seen from above. 


is filled with fatty and areolar tissue which 
separates the bladder from the ventral pelvic 
wall. Inflammatory involvement of it may fol- 
low bladder infections and urinary extravasa- 
tion as seen in extraperitoneal rupture of the 
bladder; an effusion into this space may extend 
into the extraperitoneal tissue of the abdomi- 
nal wall or the pelvis. The surgeon may enter 
the bladder extraperitoneally through the 
space of Retzius. 
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Ligaments. The bladder is anchored at its 
base where it is fixed by continuity with the 
prostate and the urethra. The latter in turn 
is fixed to the urogenital diaphragm (triangu- 
lar ligament). The neck of the bladder is fused 
by the puboprostatic (pubovesical in the fe- 
male) ligaments (Fig. 494). In the female, the 
visceral attachments of these ligaments are 
to the neck of the bladder; therefore, they 
have been called the pubovesical ligaments. 
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Fig. 493. Midsagittal section through the distended bladder. As the bladder fills, the neck remains 
fixed; the peritoneum is stripped from the anterior abdominal wall. 
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Fig. 494. The puboprostatic (pubovesical) liga- 
ments. 


However, their anatomy is essentially the 
same. 

The medial puboprostatic (pubovesical) lig- 
aments are thickenings of the pelvic fascia 
which form a pair of strong thick bands that 
fix the prostate and the neck of the bladder. 
They arise from the lower part of the back 
of the pubis at the sides of the symphysis, pass 
backward and fuse with the strong fascia that 
surrounds the base of the prostate and the 
neck of the bladder. They form the resisting 
membrane that interrupts the fingers when 
pushed down between the bladder and the 
pubis when one examines the space of Retzius. 
A narrow fascial sheath unites each ligament 
with its fellow of the other side, and the two 
form a roof over the anterior part of the gap 
between the anterior borders of the levatores 
ani. 

The medial puboprostatic ligaments consti- 
tute the strongest, most definite and most im- 
portant part of the pelvic fascia. They are con- 
tinuous laterally with the lateral pubo- 
prostatic ligament, which is that part of pelvic 
fascia covering the anterior part of the levator 
ani; it is connected with the fascial sheath 
of the prostate and the bladder at the side of 
the bladder neck. 

The bladder is retained in position anteri- 
orly by the median umbilical ligament (ura- 
chus); the lateral umbilical ligaments (atro- 
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phied fetal umbilical arteries) also stabilize the 
bladder anteriorly. The lateral and the median 
umbilical ligaments maintain the bladder 
against the anterior abdominal wall when it 
fills and rises out of the pelvis. Posteriorly, the 
bladder is supported by the rectovesical fascia 
(Denonvilliers’) (p. 592). 


Coats. The structure of the bladder reveals 
5 coats: serous, fascial, muscular, submucous 
and mucous. 

1. The serous coat is peritoneum which is re- 
stricted to the upper surface and also to a small 
part of the base in the male. 

2. The fascial coat is extraperitoneal tissue 
which sheathes the bladder. It is loose except 
on the upper surface where it becomes an 
exceedingly thin layer which binds the serous 
to the muscular coat. 

3. The muscular coat is a thick, strong, non- 
striated muscle which is arranged in interest- 
ing bundles traveling in different directions. 
This is difficult to display in the dissecting 
room, but it is arranged in close bundles which 
pass both obliquely and circularly around the 
bladder. At the neck of the bladder these bun- 
dles become massed together to form a ring 
called the sphincter of the bladder; the 
sphincter is continuous inferiorly with the 
muscular wall of the urethra in the female 
and with the muscular substance of the pros- 
tate in the male. 

4. The submucous coat is a layer of areolar 
tissue which forms a loose connection be- 
tween the muscular and the mucous coats. 
The blood vessels and the nerves ramify in 
this coat before entering the mucosa. 

5. The mucous coat is of the usual type. 


The Interior of the Bladder. If the bladder 
is contracted and empty, the mucosa is thrown 
into folds and presents a wrinkled or rugose 
appearance; in the distended bladder, how- 
ever, the mucosa becomes smooth. 

The trigone (trigonum vesicae) is a triangu- 
lar area which occupies most of the inner sur- 
face of the posterior bladder wall and remains 
smooth even when the bladder is empty (Fig. 
495). It is elastic and tightly bound by areolar 
tissue to the muscular coat; therefore, it does 
not alter its appearance as does the rest of 
the mucous membrane. It is thinner than the 
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Fig. 495. Interior of of the bladder. 


rest of the mucosa. When a cystoscopic exami- 
nation is made in a living subject, the trigone 
appears pink because this thinness permits the 
vessels to be seen through it. The rest of the 
mucous membrane of the bladder presents 
a straw-colored appearance. The apex of the 
trigone is formed by the internal urethral ori- 
fice, the base corresponding to a line which 
passes between the 2 ureteral orifices; it is 
known as the interureteric ridge. This ridge 
is mucous membrane which has been raised 
by an underlying bar of muscle. The sides of 
the trigone are about 1 inch wide when the 
bladder is empty and about 1% inches wide 
when it is full. 

There are 3 openings into the bladder: 2 
inlets and 1 outlet. These are situated at the 
angles of the trigone. The 2 orifices of the 
ureters constitute the inlets; they appear as 
a pair of semilunar slits which are placed at 
the extremities of the trigone and are sepa- 
rated by the interureteric redge. If a probe 
or a catheter is passed into these openings, 
it is noted that the ureter takes an oblique 
course through the bladder wall for about % 
inch. This obliquity forms a valve which allows 


urine to pass into the bladder but prevents 
regurgitation as the bladder fills. 

The internal urethral orifice is at the apex 
of the trigone. It is not completely circular 
because behind it an elevation known as the 
uvula or vesical crest pushes its posterior mar- 
gin slightly forward. This uvula presents a 
bulging which results from the middle lobe 
of the prostate; if this lobe becomes enlarged, 
it may block the orifice partially or com- 
pletely. 

The retrotrigonal fossa is the interior of the 
fundus of the bladder. When it is deepened 
by increased intravesical pressure (prostatic 
hypertrophy), urine may accumulate here and 
stagnate. Foreign bodies may gravitate into 
this fossa, and bladder ruptures can occur 
through it. 


Vessels and Nerves 


Arteries. The arterial supply to the bladder 
is derived mainly from the internal iliac ar- 
tery; small branches from the obturator and 
the internal pudendal arteries are supplied to 
the anterior part of the bladder (Fig. 496). 
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Fig. 496. Arterial supply to the bladder. The relations of the superior and the inferior vesical arteries 


are shown. 


The superior vesical artery, which is the unob- 
literated part of the umbilical artery, supplies 
the superolateral wall. The inferior vesical ar- 
tery is distributed between the floor of the 
bladder, the prostate and the prostatic 
urethra. The middle hemorrhoidal artery sup- 
plies a branch to the posterior surface of the 
bladder. 


Veins. The veins form perivesical plexuses 
which are most dense around the neck and 
the ends of the ureters; these drain into the 
inferior vesical veins. In the male, the larger 
veins lie in the groove between the bladder 
and the prostate and form the vesicoprostatic 
plexus. 


Lymphatics. The lymph vessels of the ante- 
rior part of the bladder pass to the external 
iliac glands. From the posterior part, a few 
may pass to the external iliac glands, but the 
major portion of these drain into the internal 
iliac glands. 


Nerves. The nerve supply accompanies the 
arteries and involves not only a complex coor- 
dination of sympathetic and parasympathetic 
nerves but also the voluntary control of the 
sphincter via the pudendal nerve (Fig. 497). 


The sympathetic nerves (hypogastric plexus) 
are the “filling” nerves of the bladder, since 
they inhibit the detrusor muscle which makes 
up the bladder wall; they cause increased tone 
in the internal sphincter, thereby permitting 
the bladder to retain its contents. On the other 
hand, the parasympathetic nerves (pelvic 
splanchnic nerves) are the “emptying” nerves 
of the bladder because they stimulate the con- 
traction of the detrusor muscle, the elevation 
of the trigone and the relaxation of the inter- 
nal sphincter. This is accompanied by volun- 
tary relaxation of the external sphincter by 
means of cerebral control via the pudendal 
nerve. 


Surgical Considerations 


Injuries to the Bladder 


Bladder wounds would occur far more fre- 
quently if the organ were not so well pro- 
tected within the pelvic cavity. These injuries 
may occur in various ways: as a result of lacera- 
tion by sharp bony fragments in fractures of 
the pelvis; from direct blows over the hypo- 
gastrium, especially if the bladder is dis- 
tended; penetrating wounds account for a cer- 
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Fig. 497. Nerve supply to the bladder (diagram- 
matic). 


tain number of bladder injuries, as does 
violence exerted through the rectum, the va- 
gina or the perineum. The injury may be in- 
traperitoneal or extraperitoneal (Fig. 498). In- 
traperitoneal rupture occurs in the part of the 
bladder covered by peritoneum; extraperito- 
neal rupture involves only the mucomuscular 
coats of the viscus, since these are not covered 
by peritoneum. In the latter case, the lesion 
is subperitoneal, and the urine extravasates 
beneath the peritoneum. The most frequent 
site for rupture of the bladder is the posterosu- 
perior aspect. Whether the rupture is intra- 
peritoneal or extraperitoneal, immediate sur- 
gery must be employed. 


Approaches to the Bladder 


For diagnostic purposes, the urethral (cysto- 
scopic) approach is employed. The 3 most 
common other approaches usually described 
are the suprapubic (extraperitoneal), the ab- 
dominal (transperitoneal) and a transperineal 
(perineourethral) (Fig. 499). 

The suprapubic approach affords excellent 
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Fig. 498. Bladder injuries. A bladder injury may 
be either intraperitoneal or extraperitoneal. 


access to the extraperitoneally placed bladder. 
It is particularly applicable in prostatectomy 
and in the removal of calculi and neoplasms. 

The abdominal and the transperineal ap- 
proaches are more of didactic than practical 
interest. 


Suprapubic Cystostomy 


This operation is accomplished through a ver- 
tical midline incision that is placed in the su- 
prapubic region (Fig. 500). It is preferable to 
have the organ fully distended as a prelimi- 
nary step. The incision is deepened to an in- 
terval between the rectus abdominis and the 
pyramidalis muscles. Behind these muscles 
and at the upper border of the symphysis lies 
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Fig. 499. Surgical approaches to the bladder. 
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Fig. 500. Suprapubic cystostomy. (A) A vertical 
midline incision is made in the suprapubic region. 
(B) The muscles and the transversalis fascia are in- 


the transversalis fascia. The prevesical space 
is exposed by dividing this fascia. If the blad- 
der is distended, it can be felt by inserting a 
finger into the lower angle of the incision. The 
peritoneum is reflected upward; since the con- 
nection between the peritoneum and the 
bladder is loose, this maneuver is accom- 
plished readily. The prevesical fat and the vis- 
ceral layer of pelvic fascia are incised. Vesical 
veins may be found in this stratum. Now the 
bladder can be elevated and entered. A Pez- 
zer type of catheter is introduced into the 
bladder for drainage. 


Pelvic Viscera in the Male 


Figure 501 reveals a schematic presentation 
of the male genital system. It is important that 


; -Incision 





Pelvis: Pelvic Viscera 


Peritoneum 
reflected 
from bladder 


cised and retracted. The peritoneum is reflected 
upward, and the bladder is incised. (C) The com- 
pleted cystostomy in sagittal section. 


these relationships be kept in mind until the 
individual parts of the system have been de- 
scribed. 

The upper part of the pelvic colon usually 
can be lifted out of the male pelvis, but the 
lower part remains attached to the dorsal wall 
by the medial limb of the pelvic mesocolon 
(Figs. 502 and 503). The rectum occupies the 
lower portion of the dorsal part of this cavity 
and follows the concavity of the sacrum and 
the coccyx. The urinary bladder lies in the 
lower and anterior part of the cavity behind 
the pubic bone. Both ureters usually can be 
seen shining through the peritoneum posteri- 
orly at the side walls of the pelvis. The seminal 
vesicles lie on the back of the bladder between 
it and the rectum, and on each side the vas 
deferens can be seen through the peritoneum 
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Fig. 501. Male genital 


as it passes from the deep inguinal ring toward 
the bladder. Having crossed the pelvic brim, 
the vas first passes downward and backward 
and then medially across the ureter to reach 
the back of the bladder, where it descends 
along the medial side of the seminal vesicle 
close to the vesicle of the opposite side. The 
prostate lies below the bladder, directly in 
front of the lower part of the rectum, and 
encloses the prostatic urethra. 

The pelvic peritoneum covers the dorsal 
wall of the pelvis and is reflected off as the 
medial limb of the pelvic mesocolon. At the 
3rd piece of sacrum, the peritoneum reaches 
the rectum, to which it gives a partial cover- 
ing, and then covers the front of the upper 
third of the rectum and its sides. At the middle 
third it covers only the anterior surface and 
the lower end of the middle third as it passes 


system (schematic). 


from the rectum to the bladder. It covers the 
upper surface of the bladder, from which it 
passes forward onto the anterior abdominal 
wall and the sides of the pelvic wall. From 
the sides of the upper third of the rectum it 
extends to the side walls of the pelvis, forming 
the floor of a pair of depressions called the 
pararectal fossae. As it continues forward 
from the rectum to the bladder it forms the 
floor of the depression known as the rectovesi- 
cal pouch. When the peritoneum reaches the 
bladder it is tucked behind it to cover a small 
portion of its posterior surface in the median 
plane between the two vasa deferentia. 


Deferent Ducts 


The vas (ductus) deferens has a scrotal, an 
inguinal and a pelvic course (Fig. 502). It be- 
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Fig. 502. The pelvic viscera in the male. The left wall of the pelvis has been removed, and the bladder 


is partly filled. 


gins at the lower end of the epididymis, passes 
upward over the back of the testis on the me- 
dial side of the epididymis and ascends to the 
superficial inguinal ring. It traverses the ingui- 
nal canal as a constituent of the spermatic 
cord; in the posterior part of the cord it is 
readily palpable because of its firmness. It 
leaves the other constituents of the spermatic 
cord at the deep inguinal ring. 

The intrapelvic portion of each vas extends 
from the internal inguinal ring to the base 
of the prostate. It hooks around the origin of 
the inferior epigastric artery and passes back- 
ward with a slight downward bend on the side 
wall of the pelvis until it reaches the region 
of the ischial spines (Fig. 504). Here it makes 
a right angle bend which carries it medially, 
forward and downward across the terminal 
part of the ureter and down the posterior sur- 
face of the bladder. After hooking around the 
inferior epigastric artery, it crosses the exter- 
nal iliac artery and vein, the superior ramus 
of the pubis, and the obturator internus mus- 
cle, but it is separated from the latter by the 
lateral umbilical ligament (obliterated umbili- 
cal artery) and the obturator artery, nerve and 
vein. 

At the ischial spine, where it turns medially, 
it crosses the ureter and then passes down- 
ward on the posterior aspect of the bladder. 


In this part of its course it lies behind and 
in front of the rectum with the seminal vesicle 
on its inferolateral side and the vas of the op- 
posite side in close contact with it. Until the 
vas reaches the posterior surface of the blad- 
der it is in direct contact on its medial side 
with the peritoneum, but thereafter it lies be- 
low the peritoneal floor of the pelvis. 

In its terminal part each vas is enclosed 
within the thickness of the frontally disposed 
rectovesical fascia (Denonvilliers’) and be- 
comes widened into an ampulla. The ampul- 
lae appear as elongated bags which are reser- 
voirs for the semen; it is in the ampullae that 
a secretion of the mucous membrane of the 
vas is added. The vasa deferentia converge 
and unite with the excretory ducts of the semi- 
nal vesicles to form the ejaculatory ducts; 
these traverse the prostate and open into the 
prostatic urethra. The artery to the vas defer- 
ens arises either from the superior or the infe- 
rior vesical artery, runs in close relationship 
with the wall of the vas from the base of the 
bladder to the epididymis and anastomoses 
with the testicular artery. (Fig. 503A) 


Seminal Vesicles 


The seminal vesicles are offshoots of the defer- 
ent ducts (Figs. 503 and 504). They appear 
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Fig. 503. Pelvic viscera in the male, seen from behind. 


as lobulated sacs, about 2 inches long and % 
inch in diameter and present the same histo- 
logic picture as the ampullated end of the vas. 
The bladder is in front, the rectum behind. 
The vas is medial and is capped above by peri- 
toneum; laterally, it is separated from the leva- 
tor ani by numerous vesical vessels. Each sem- 
inal vesicle lies obliquely so that its lateral 
surface faces downward as well as sideward, 
and it is related to the fat on the levator ani 
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Fig. 503A. (A) Inguinoscrotal incision. (B) Identify 
the structures of the spermatic cord, clamp a small 
segment of vas deferens and remove. Protect the 


muscle. If the vesicle is teased apart, it is found 
to be a sacculated tube about 6 inches long 
which is folded and coiled into its baglike form 
(Fig. 505). The seminal vesicle is not to be 
considered simply a reservoir for spermato- 
zoa; its function is to produce a secretion 
which forms a large part of the seminal fluid. 

The ejaculatory duct is that duct which is 
common to both the vas and the vesicle. Its 
diameter is approximately that of a pencil. It 





pampiniform plexus and spermatic artery. (C) Li- 
gate and turn in the cut ends of the vas deferens. 
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Fig. 504. The intrapelvic portion of the vas defer- 
ens (seen from behind). The left seminal vesicle 
and the ampulla of the vas have been sectioned, 


is easily torn away from the prostate, the up- 
per half of which it pierces obliquely to open 
beside the prostatic utricle. The arteries to 
the seminal vesicle and the ampulla of the 
vas are tiny branches which are derived from 
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Fig. 505. The seminal vesicle. The vesicle has been 
unravelled. It is a tortuous tube with many out- 
pouchings. 
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and part of the prostate has been removed in order 
to expose the ejaculatory duct. 


the vesical and the middle hemorrhoidal arte- 
ries. The veins correspond to the arteries and 
the lymph vessels of the vesicle and the am- 
pulla of the vas, and end in the internal and 
the external iliac glands. 


Prostate Gland 


The prostate gland is a solid organ which sur- 
rounds the urethra between the bladder and 
the urogenital diaphragm (Fig. 508). It consists 
of fibrous tissue, plain muscle and glandular 
elements. It is broader than it is long, being 
about 1% inches long and 1% inches broad. 
Its exact functions are not known. It adds a 
secretion which is concerned with the vitality 
of the spermatozoa. It has an apex (lower end), 
a base (upper surface), an anterior surface, a 
posterior surface and a pair of lateral surfaces. 
It is the size and the shape of a chestnut, sur- 
rounds the first 1% inches of the urethra and 
is traversed by the ejaculatory ducts. 

The base or superior surface, although struc- 
turally continuous with the superimposed 
bladder (neither the fibers nor the muscular 
part shows any interruption as they pass from 
one organ to another), nevertheless shows a 
circular groove in which fat and veins are 
lodged. Its apex points downward and rests 
upon the superior fascia of the urogenital dia- 
phragm (Fig. 506). Its anterior border or sur- 
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Fig. 506. Diagrammatic presentation of relations of the prostate (coronal section). 


face is blunt and rounded and is separated 
from the retropubic space (Retzius) by the pu- 
boprostatic ligaments and from the lower part 
of the symphysis by fibroadipose tissue and 
a plexus of veins. The posterior surface is flat- 
tened and rests against the lower inch of rec- 
tum. This is the portion of the prostate which 
is felt by digital examination, only the recto- 
vesical fascia intervening. This surface is 
pierced on each side of the median plane by 
the ejaculatory ducts. The 2 lateral surfaces 
(inferolateral) are convex and are supported 
by the anterior fibers of the levator ani; the 
2 anterior borders of the levators clasp the 
lower part of the prostate between them. 


Lobes of the Prostate. In uterine life, longitu- 
dinal depressions appear on the walls of the 
urethra immediately inferior to the bladder. 
These depressions become buds which grow 
and penetrate the surrounding muscle and the 
connective tissue to form the ultimate 5 lobes 
of the prostate gland: an anterior, a posterior, 
a medial and 2 lateral lobes (Fig. 507). 

The anterior lobe buds from the anterior 
wall of the urethra; its glandular elements 
gradually disappear so that at birth a few or 
no glandular elements remain. Therefore, 
adenomas rarely, if ever, occur in this lobe, 
and there is no encroachment on the lumen 
of the urethra from this direction. 


The posterior lobe arises from the posterior 
wall of the urethra, inferior to the orifice of 
the ejaculatory ducts, and grows superiorly 
to occupy a plane behind these ducts. As it 
grows toward the base of the bladder it be- 
comes both posturethral and postspermatic. 
This lobe lies behind the middle lobe, forms 
the entire posterior surface of the gland and 
is the lobe encountered during digital exami- 
nation. Adenomas rarely, if ever, occur here, 
but primary carcinoma may. The 2 lateral 
lobes arise as tubular outgrowths from the lat- 
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Fig. 507. The 5 lobes of the prostate: (A) a cross 
section at the neck of the bladder of an embryo; 
(B) sagittal section of the bladder and the prostate. 


092 


eral walls of the urethra. They grow laterally, 
anteriorly, posteriorly and upward until they 
occupy almost the entire base (upper portion) 
of the gland. As they grow anteriorly, they 
almost approximate one another in the ante- 
rior region of the urethra. Hypertrophy of 
these lobes causes urinary obstruction by lat- 
eral encroachment on the prostatic portion 
of the urethra, and if one lobe greatly exceeds 
the other in size, the urethra may be pushed 
laterally and be increased in length. 

Clinically, the median (middle) lobe is the 
most important. It originates on the posterior 
surface of the floor of the ejaculatory ducts. 
It is posturethral as is the posterior lobe; but, 
unlike the posterior lobe, it is prespermatic; 
it is below the neck of the bladder and con- 
tains much glandular tissue. In this region the 
subtrigonal and the subcervical glands (Albar- 
ran) are found. These mucous glands are en- 
tirely separate and distinct from the prostate 
and are important because of their intimate 
relationship to the bladder neck. Slight de- 
grees of enlargement of these glands may lead 
to obstruction of the outflow of urine. The 
middle lobe normally projects into the ure- 
thra, causing a prominence on its floor; this 
prominence is known as the verumontanum 
(crista urethralis, seminal colliculus). This lobe 
is clinically important because it is the one 
in which adenomas frequently grow. The line 
of least resistance is inward into the urethra. 
As it enlarges it pushes the mucous membrane 
of the urethra ahead of it, extends into the 
bladder and may entirely block the internal 
urinary meatus. The effort of straining to uri- 
nate pushes it onto the internal meatus, thus 
further blocking the outlet. 


Fascial Relations and Capsules. The prostate 
has 2 capsules: a true and a false (Fig. 508). 
The true capsule is formed by a condensation 
of tissue at the periphery of the gland. The 
false capsule is formed by the visceral layer 
of the pelvic fascia which provides a sheath 
common to both the bladder and the prostate 
but is absent where these 2 organs are in con- 
tact. For this reason, adenomas of the prostate 
grow upward into the bladder, this being the 
line of least resistance. 

A pudendal (prostatic) plexus of veins lies 
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Fig. 508. The capsules of the prostate; diagram- 
matic presentation of the true and the false cap- 
sules in coronal section. 


between the 2 capsules; it receives the deep 
dorsal vein of the penis in front. During supra- 
pubic prostatectomy the surgeon enucleates 
the prostate from within both of its capsules 
and in this way leaves the prostatic plexus of 
veins undisturbed. During this operation the 
prostatic urethra is removed with the gland, 
and the ejaculatory ducts are torn. As a result 
of this, the patient, although not impotent, 
is sterile. 

In the fetus the peritoneum of the pelvic 
floor extends down as a pouch behind the pros- 
tate gland; normally, this pouch is shut off 
from the peritoneal cavity and then exists as 
2 layers with a potential space between them. 
These 2 layers are attached above to the peri- 
toneum (cul-de-sac of Douglas) and below to 
the urogenital diaphragm and the perineal 
body. It is a prostatoperitoneal layer which 
is known as Denonvilliers’ fascia (Fig. 509). 
The anterior layer of this fascia is attached 
firmly to the prostate, but the posterior layer 
is attached loosely to the pelvic fascia around 
the rectum. The potential space between 
these layers is called the retroprostatic space 
of Proust. 

This space should not be confused with the 
misnamed prerectal space which is supposed 
to exist between the rectum and the fascia 
of Denonvilliers. In the performance of a peri- 
neal prostatectomy the surgeon must find the 
space of Proust, which exists between the 2 
fascial layers, if he wishes to avoid difficulties 
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Fig. 509. Denonvilliers fascia. 


such as excessive bleeding and entrance into 
the rectum. It may be difficult at times to find 
this space, which has been so aptly described 
as passing “between wind and water.” 

Roux has described a so-called rectoure- 
thralis muscle. It consists of 2 muscle bundles, 
superior and inferior, both of which are de- 
rived from the longitudinal muscle coat of the 
bowel wall; it holds the rectoanal angle for- 
ward. These muscle bundles are attached to 
the upper part of the perineal body and must 
be divided in perineal prostatectomy if the 
rectum is to be successfully displaced back- 
ward and out of danger. 


Vessels. The blood supply of the prostate is 
derived from the inferior vesical and the mid- 
dle rectal (hemorrhoidal) arteries. The pros- 
tatic plexus of veins is joined in front by the 
deep dorsal vein of the penis. As these veins 
pass backward they extend around the junc- 
tion of the prostate and the bladder and are 
joined by numerous vesical veins. They con- 
tinue backward, lateral to the seminal vesicles 
and below the ureter, and terminate in the 
internal iliac vein. The lymph vessels end in 
the internal iliac and the sacral lymph glands. 


Prostatic Urethra. The prostatic part of the 
urethra is about 1 inch long and is the widest 
and the most dilatable part (Fig. 510). It passes 
almost perpendicularly from the neck of the 
bladder, slightly forward through the prostate, 
and emerges a little above its apex where it 
becomes continuous with the second or mem- 
branous part. It is fusiform in shape, but on 
transverse section appears crescentic, owing 


to the presence of a prominent verticle ridge 
on the posterior wall called the urethral crest. 

On each side of this crest a gutter is formed; 
this is called the prostatic sinus and appears 
as a groove into which numerous small ducts 
of the prostate open. 

The highest point or summit of the urethral 
crest is called the seminal colliculus (veru- 
montanum) and lies over the middle of the 
prostatic urethra. This colliculus bifurcates as 
it fades away. 

Opening onto the colliculus is a diverticu- 
lum called the prostatic utricle; through this 
a probe may be passed for about % inch into 
the substance of the prostate. This tiny struc- 
ture is the homologue of the uterus and the 
vagina. It is of practical importance because 
it may catch the end of a catheter or a small 
bougie and impede its passage. 

The ejaculatory ducts open into the urethra 
by minute slitlike orifices at the sides of the 
mouth of the utricle. There is much clinical 





Fig. 510. The prostatic urethra. A frontal section 
is made so that the posterior aspect of the urethra 
is seen. 
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interest concerning the prostatic urethra. A 
seminal vesiculitis (verumontantitis) may 
cause obliteration or constriction of the ejacu- 
latory ducts. If such an inflammation travels 
through the openings of the ejaculatory ducts, 
an epididymitis may result. In chronic ure- 
thral infections the prostatic duct may also 
be involved and obstructed. If the infection 
travels by way of the prostatic opening, a pros- 
tatic abscess may result. The seminal vesicles 
are also involved in gonorrheal infections of 
the prostatic urethra via the ejaculatory ducts. 

The internal and the external urinary 
sphincters of the bladder govern the outflow 
of urine. The internal (vesical) urinary 
sphincter is derived from the outer and the 
middle muscle layers of the bladder. These 
are the fibers which are destroyed in the oper- 
ation of prostatectomy. The external (ure- 
thral) urinary sphincter is derived from the 
sphincter urethrae membranaceae (p. 642); 
this is the muscle which compensates and con- 
trols urinary flow when the internal sphincter 
is torn during prostatectomy. 


Surgical Considerations 


Prostatic Abscess 


This condition follows a prostatitis and may 
appear as a single large abscess or as several 
small foci. The path of least resistance is to- 
ward the urethra, and many prostatic ab- 
scesses may rupture here (Fig. 511). The dense 
pelvic fascia which invests the prostate usually 
resists the progress of the abscess upward 
through the peritoneum and into the pelvic 
cavity; the strong urogenital diaphragm resists 
its spread downward to the perineum. How- 
ever, it can reach the perineum by pointing 
toward the rectum where it comes into con- 
tact with a thin rectovesical fascia. The abscess 
may follow this fascia through the space be- 
tween the urogenital diaphragm and the anus 
into the perineum; the pus also may erode 
through the rectovesical fascia and rupture 
into the rectum. A periprostatic infection can 
lie lateral to the gland, invade the levator ani 
muscle and reach the ischiorectal fossa. A rare 
path of spread is anteriorly through the pubo- 
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Fig. 511. The arrows indicate the possible paths 
of extension and rupture of a prostatic abscess. 


vesical ligaments and into the space of Ret- 
zius. 


Prostatectomy 


Four accepted methods of removal of the 
prostate gland have been described: suprapu- 
bic prostatectomy, transurethral resection, 
perineal prostatectomy and retropubic prosta- 
tectomy. 


Suprapubic Prostatectomy. This operation re- 
quires exposure through the bladder (Fig. 
512). There are many who find fault with this 
approach because the gland lies entirely out- 
side of the bladder; the bladder is entered, 
the enucleation is done blindly and hemor- 
rhage may be difficult to control. In addition, 
it does not permit complete removal of a car- 
cinomatous gland which has invaded the cap- 
sule. 


Transurethral Resection. This operation is 
well adapted to smaller glands, median bars 
and serves as a palliative procedure for ob- 
struction due to carcinoma. However, in the 
hands of excellent resectionists, the scope of 
the operation is much greater, and the results 
are good; hence, some outstanding urologists 
remain most enthusiastic about it. The mor- 
bidity may be prolonged by the necrosing of 
tissue electrically treated; in a fairly large per- 
centage of resections the procedure has to be 
repeated. In this type of prostatectomy, the 
local nerve fibers are avoided; this procedure 
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Fig. 512. Suprapubic prostatectomy. One finger is placed into the bladder and another finger is placed 
into the rectum so that the gland is defined completely and removed through the bladder. 


is less likely to interfer with potency. Note 
the relationship of the nerves in Figure 515. 


Perineal Prostatectomy. In this surgical oper- 
ation the gland is removed under direct vi- 
sion; hemorrhage can thus be controlled more 
readily (Fig. 513). It is applicable in the re- 


Central 

ineal body *, 

Ischio- a 

Cavernosus m. sO 
Transversus W 
perinei Super- ¥ 
Ficialis rri. “~d 


Levator ani m.i i 


hy 
Sphinc ter: Se 
ani r DE 


‘= ; 


Rectum 


moval of a malignant prostate which has in- 
vaded the capsule. It requires a thorough 
knowledge of perineal anatomy and a highly 
skilled and trained surgical team. In inexperi- 
enced hands, a persistent fistula may result, 
the rectum may be injured or complete incon- 
tinence may be an annoying sequela. 
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Fig. 513. Perineal prostatectomy. Denonvilliers’ fascia has been incised, ‘and the prostate gland is ex- 


posed. 
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Retropubic Prostatectomy. Millin has de- 
scribed a new approach in the operation of 
retropubic prostatectomy (Fig. 514). Although 
the space of Retzius has been considered the 
potential danger area, nevertheless this opera- 
tion takes place directly through this space. 
The skin incision extends from the symphysis 
to the umbilicus in the midline, and the rectus 
muscles are separated. The preprostatic fat 
which occupies the space of Retzius is identi- 
fied. The bladder is retracted upward, and an 
incision is made into the prostatic capsule. The 
gland is enucleated to the vesicle neck, the 
prostate is peeled off of the bladder, and the 
prostatic arteries are ligated. A catheter is in- 
troduced from the meatus and into the blad- 
der. There are more radical procedures such 
as prostatovesiculectomy, which may be done 
via the retropubic route; if done transpubic, 
a piece of the bone is removed to give ade- 
quate exposure of the prostate and the vesi- 
cles. These operations have their antagonists 
and protagonists. 

No one operative procedure will meet the 
requirements of every case; therefore, all the 
methods must be known and included in the 
armamentaria of the surgeons who do this 
type of work. 


Pelvic Viscera in the Female 


Embryology 


Before the sex of the embryo is determined, 
4 parallel tubes grow caudally in the subperi- 
toneal tissue of the posterior abdominal wall 
(Fig. 516). They are the right and the left 
Müllerian (paramesonephric) ducts and the 
right and the left Wolffian (mesonephric) 
ducts. They terminate in that anterior part 
of the cloaca known as the urogenital sinus. 
The Wolffian duct predominates in the male 
and gives rise to the spermatic duct, the epidi- 
dymis, the vas deferens and the ejaculatory 
duct (p. 578). The Miillerian duct predomi- 
nates in the female and becomes the Fallopian 
tubes, the uterus and the vagina. 

The cephalic ends of Miiller’s (parameso- 
nephric) ducts open into the body cavity, but 
the caudal ends, having crossed the Wolffian 
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ducts, fuse with each other and form a single 
tube which opens into the urogenital sinus. 

The cranial ends of these ducts become the 
fallopian tubes; their intermediate parts fuse 
to form the uterus, and the caudal ends fuse 
and form the upper part of the vagina. To 
meet its fellow in the midline, the intermedi- 
ate part of the duct must pull away from the 
side wall of the pelvis and in so doing pulls 
a peritoneal fold with it; this fold becomes 
the broad ligament of the uterus. Therefore, 
the broad ligament is the “mesentery of the 
Miillerian duct.” In the male, Müller’s duct 
almost entirely disappears, with the exception 
of its caudal extremity, which forms the pros- 
tatic utricle, and the cephalic extremity, 
which forms the appendix testis (sessile hyda- 
tid). The Wolffian duct only persists at its ex- 
tremities in the female. 

At its cephalic end it forms longitudinal tu- 
bules of the epoophoron and the paroophoron. 
The transverse tubules of these vestigial bod- 
ies occupy the broad ligament in the vicinity 
of the ovaries. 

The caudal extremity of the wolffian duct 
may persist as a tubular remnant, known as 
the duct of Gartner, which is embedded in 
the lateral wall of the cervix and the vagina. 

The ovary originally is a retroperitoneal ab- 
dominal organ, as is the testicle, but in the 
adult it becomes a pelvic organ. The guberna- 
culum of the ovary is attached caudally to the 
skin, which later becomes the labium majus; 
in its course the gubernaculum becomes at- 
tached to the side of the uterus. In the male, 
the gubernaculum testis passes through the 
inguinal canal and into the scrotum, pulling 
with it a processus vaginalis and the testis; 
in the female, the gubernaculum ovarii passes 
through the inguinal canal into the labium ma- 
jus, followed by a similar processus vaginalis 
which is called the canal of Nuck. As the ovary 
descends into the pelvis it draws its nerve and 
vascular supply across the external iliac ves- 
sels. 

In its fully developed state the gubernacu- 
lum in the female becomes the ligament of 
the ovary and the round ligament of the 
uterus (Fig. 518 A). These 2 ligaments are 
practically continuous at their site of uterine 
attachment, which is just below the uterine 
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Fig. 514. Retropubic prostatectomy. (A) The ap- gland. (C) Enucleation and removal of the prostate. 
proach through the space of Retzius is indicated (D) Appearance after removal of the gland. (E) Clo- 
by the arrow. (B) Exposure and mobilization of the sure. 
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Fig. 515. See text. 


tube. The round ligament of the uterus paral- 
lels the subperitoneal course taken by the vas 
deferens in the male; it crosses the side wall 
of the pelvis and the external iliac vessels, then 
turns around the inferior epigastric artery, 
passes through the inguinal canal and ends 
in the labium majus, which is the homologue 
of the scrotum. The ovary may descend abnor- 
mally; in such instances it follows the guberna- 
culum into the labium majus; this is known 
as an ectopic ovary. 


The 6 Ligamentous Supports 


The 6 ligamentous supports of the female pel- 
vic viscera are the broad, the round, the infun- 
dibulopelvic, the uterosacral, Mackenrodt’s 
and the ovarian ligaments (Figs. 517 and 518). 


Broad Ligaments. Each broad ligament of 
the uterus is a thick, mesenterylike fold which 
passes from the lateral margin of the uterus 
to the lateral wall of the pelvis. It is a structure 
of great importance because of its relation to 
the uterine tube, the uterine and the ovarian 
vessels and the ovary. The 2 layers of the 
broad ligament are triangular in shape when 
placed on a stretch. Medially, its 2 layers sepa- 
rate to envelope the uterus, and inferiorly and 
laterally they separate to cover the floor and 
the side wall of the pelvis (Fig. 521). Superi- 


orly, these 2 layers become continuous with 
each other and form a free upper border, 
which in the normal pelvis is more anterior 
than superior. The inner four fifths of the free 
upper border is occupied by the fallopian 
tube, and the shorter lateral one fifth extends 
beyond the tube from the fimbriated end to 
the wall of the pelvis as the infundibulopelvic 
ligament. The 2 layers pass in opposite direc- 
tions at their lines of attachment to the lateral 
pelvic wall and floor to become continuous 
with the general peritoneal lining of the pelvic 
cavity. Between the layers of the broad liga- 
ment the extraperitoneal connective tissue is 
located; this is the parametrium. In addition 
to the uterine tube, the round ligament of 
the uterus, the ovarian ligament, the epoopho- 
ron and the uterine and the ovarian vessels 
also are found between the two layers of the 
broad ligament. 

Two secondary ligaments originate from it. 
Passing posteriorly is a fold, the mesovarium, 
which contains the ovary and the ovarian liga- 
ment. The mesosalpinx is that portion of the 
broad ligament which lies immediately below 
the uterine tube between it and the ovary. 


Round Ligaments. These ligaments of the 
uterus are not duplications of peritoneum but 
are true ligamentous fibromuscular cords. 
They pass from the superolateral angle of the 
uterus to the internal inguinal ring, represent- 
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Fig. 516. Development of the female pelvic vis- 
cera. (A) Two Wolfhan and two Miillerian ducts 
are present. (B) The Wolffian ducts do not persist 
in the female. (C) The cranial ends of the Miillerian 
ducts become the Fallopian tubes, the intermediate 
parts fuse to form the uterus, and the caudal ends 


ing the lower part of the gubernaculum; they 
are enclosed between the serous layers of the 
broad ligaments (Fig. 518). Usually they raise 
a ridge on the anterior aspect of the broad 
ligament and occasionally may be accompa- 
nied by a persistent tubular prolongation of 
abdominal peritoneum known as the canal of 
Nuck. They pass horizontally and extend out- 
ward to the wall of the lesser pelvis, pass for- 
ward under the peritoneum and cross the ob- 
literated hypogastric artery, the external iliac 
vessels and the psoas major muscle. They then 
cross the pelvic brim to reach the internal 
inguinal ring through which they enter the 
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fuse and form the upper part of the vagina. In the 
female, the Wolffian duct persists only at its extrem- 
ities; at its cephalic end, the epoophoron and the 
paroophoron are formed; at its caudal end, the duct 
of Gartner may persist. 


inguinal canal. Each round ligament leaves 
the external inguinal ring and terminates in 
the labium majus where it ends by breaking 
up into fine fibrous strands. The function of 
the round ligaments is to draw the uterus for- 
ward after it has been displaced backward by 
a pregnant uterus or a distended bladder. 
Once returned to its normal forward position, 
the intra-abdominal pressure on the posterior 
surface of the uterus maintains its position. 
Should the round ligaments fail to function, 
intra-abdominal pressure presses the fundus 
of the uterus downward and into the vagina. 
This in turn puts a greater strain on the other 
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Fig. 517. The 6 ligamentous supports of the female 
pelvic viscera. (A) The broad, round, ovarian, infun- 
dibulopelvic, uterosacral and Mackenrodt’s liga- 
ments are shown from behind. On the right the 


supporting ligamentous structures and results 
in prolapse of the uterus. 


Infundibulopelvic Ligament (Suspensory 
Ligament of the Ovary). This ligament ex- 
tends from the tubal end of the ovary to the 
lateral pelvic wall; it is the lateral one fifth 
of the broad ligament and is not occupied by 
the Fallopian tube. It passes upward from the 
ovary, crosses the external iliac vessels and 
becomes lost in the fascia and the peritoneum 
covering the psoas major muscle. The ovarian 
vessels and nerves travel in this ligament. 


Uterosacral Ligaments. These ligaments are 
2 short, fibromuscular cords that pass back- 
ward from the posterior aspect of the upper 
end of the cervix on each side of the rectum 
and end in the sacrum. They lie directly in 
contact with the peritoneum and form ridges 
called rectouterine folds in the lateral walls 
of the rectouterine pouch. Following inflam- 
matory conditions, these ligaments may 
shorten and overaccentuate the anteflexion of 
the uterus. The function of the uterosacral 
ligaments is to hold the cervix up and back. 
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posterior leaf of the broad ligament has been re- 
moved to show the structure of the ligaments. (B) 
Transverse diagrammatic section to show the for- 
mation of Mackenrodt’s ligament. 


If they fail to function (congenital weakness, 
loss of tonus from pregnancies, etc.), the cervix 
is displaced downward and forward; this per- 
mits a backward displacement of the corpus 
so that the axis of the uterus and the vagina 
coincide. Intra-abdominal pressure then 
forces the uterus into the vagina (prolapse). 


Mackenrodt’s Ligaments (Cardinal or Trans- 
verse Cervical Ligaments). These ligaments 
are situated lateral to the cervix and the va- 
gina and are continuous on each side with the 
corresponding uterosacral ligaments. They 
are the bases of the broad ligaments. Blood 
vessels, especially veins, make up the chief 
components of this ligament. They are a con- 
densation of parametrial tissue which helps 
suspend the cervix and the uterus to the pelvic 
walls (Fig. 517 B). When the cardinal liga- 
ments become stretched, the uterus drops to 
a lower level. 


Ovarian Ligament. This ligament is a 
rounded fibromuscular cord which is enve- 
loped between the 2 layers of the broad liga- 
ment and may be seen through the perito- 
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Fig. 518. Ligamentous supports of the female pel- 
vic viscera. (A) The division of the gubernaculum 
into the ovarian and the round ligaments. (B) The 


neum as it passes along a line separating the 
mesosalpinx from the mesovarium. It extends 
from the uterine (lower) pole of the ovary to 
the lateral aspect of the uterus; here it is at- 
tached between the fallopian tube and the 
round ligament of the uterus. The ovarian and 
the round ligaments of the uterus together 
represent the gubernaculum of the ovary, the 
entire cord being subdivided into ovarian and 
uterine parts (Fig. 518 A). 


Uterus 


The uterus is a pear-shaped muscular organ 
that is intermediate in position between the 
bladder, the rectum and the broad ligaments 
(Figs. 519 and 520). It is 3 inches long, 2 inches 
at its widest part and | inch at its thickest 
part; it is flattened in front where it is in con- 
tact with the bladder, but is convex behind. 
Its lower third is cylindrical, but the remain- 
ing upper two thirds widens gradually toward 
the free end. It is lined with mucous mem- 
brane and is invested partially by peritoneum. 
The uterine (Fallopian) tubes enter at its wid- 
est part, the broad ligaments are attached to 
its side margins, and the ligament of the ovary 
and the round ligament of the uterus are at- 
tached just below the tubes. 
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structures seen from above and in front. The ante- 
rior leaf of the left broad ligament has been re- 
flected forward. 


The uterus is divided into 3 parts: a base 
or fundus; a main portion, the body or corpus; 
and the larger lower prolongation known as 
the neck or cervix, which projects into the 
vagina. The cervix is demarcated from the 
corpus by a slight constriction called the isth- 
mus. The fundus and the body form the upper 
2 inches, and the cervix forms the lower inch. 


Base or Fundus. This is the dome-shaped up- 
permost end, which rises above the tubes. It 
is broad in its transverse diameter, and the 
Fallopian tubes form a junction, called the cor- 
nua or horns, with it at its lateral margins. 


Body or Corpus. This part narrows as it ap- 
proaches the cervix, and when inspected from 
the front, it appears to be triangular in shape. 
The anterior surface of the corpus, which has 
also been referred to as the ventral or inferior 
surface, is covered by visceral peritoneum, 
which is reflected to the upper surface of the 
bladder at the junction of the body and the 
cervix of the uterus. This reflection of perito- 
neum forms a potential space known as the 
uterovesical pouch. The posterior (dorsal or 
superior) surface is covered by peritoneum 
which extends downward beyond the corpus 
to cover the cervix from which it is reflected 
to the front of the rectum. The space thus 
formed is known as the rectouterine excava- 
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Fig. 519. The uterus as seen from above. 


tion (cul-de-sac of Douglas or Douglas’ pouch). 
The lateral margins of the uterus extend from 
the Fallopian tubes above to the uterosacral 
ligaments below; they are devoid of perito- 
neum, since these margins give attachments 
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to the diverging layers of the broad ligaments 
(Fig. 521). The round ligament of the uterus 
is attached in front of the origin of the Fallo- 
pian tube, and the uterine and the ovarian 
vessels are situated below and behind it. The 
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Fig. 520. The uterus as seen in sagittal section. The organ is divided into 3 parts: a fundus, a corpus 


and a cervix. 
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ligament of the ovary is attached to the intesti- 
nal surface of the uterus, but the round liga- 
ment is attached to the vesical surface. These 
structures lie between the opposed layers of 
the broad ligaments as the latter pass toward 
the lateral pelvic walls. A fatty fibrous tissue 
fills the spaces between the broad ligaments. 
This tissue is called the parametrium and is 
most abundant near the cervix and the vagina, 
where it becomes continuous with the extra- 
peritoneal tissue of the pelvic wall and floor. 


Neck or Cervix. This part is the narrower cy- 
lindrical segment of the uterus; it enters the 
vagina through the anterior vaginal wall and 
lies at right angles to it. Since it pierces the 
vagina, it is divided into supravaginal and in- 
travaginal (vaginal) portions (Fig. 520). The 
supravaginal part lies above the ring of vaginal 
attachment, is covered with peritoneum pos- 
teriorly and is related to the intestines. Anteri- 
orly, it is separated from the bladder by fatty 
tissue and is connected laterally with the 
broad ligament and the parametrium, which 
contains the blood vessels. The lower intrava- 
ginal (vaginal) portion is the free segment 
which projects through the vault of the va- 
gina; it is covered with mucous membrane 
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which has been reflected onto it from the up- 
per part of the vaginal wall. 

The cervix opens into the vaginal cavity 
through the external os. The os has anterior 
and posterior lips which are normally in con- 
tact with the posterior vaginal wall; this wall 
ascends to a higher cervical level than does 
the anterior wall and thus envelopes the infe- 
rior third of the cervix. In nulliparae, the os 
is a small transverse slit, the lips of which are 
smooth and rounded; but in multiparae it is 
wider, and the lips are quite irregular. 

The cavity of the uterus is small when com- 
pared with the thickness of its wall. In sagittal 
section it is an elongated narrow cleft, but 
when viewed from in front is triangular in 
shape with all of its sides being convex inward 
(Fig. 524). Its normal capacity is about 3 to 
8 cc. The base of the triangle is directed up- 
ward, and at its two upper corners it is contin- 
uous with the Fallopian tubes; the apex of the 
triangle is directed downward where, at the 
constricted internal os (corresponding to the 
isthmus externally), it becomes continuous 
with the cervical canal. The mucous mem- 
brane of the cavity of the body of the uterus 
is smooth and velvety. 

The canal of the cervix is spindle-shaped 
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Fig. 521. Attachments of the broad ligament. 
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and about 1 inch long; it opens into the vagina 
at its lower end through the external os. The 
mucous membrane in the canal is raised into 
median longitudinal folds both in front and 
behind. Between these, in nulliparae, are sec- 
ondary branching folds which pass upward 
and laterally. The treelike appearance has 
been called the arbor vitae (rugae or plicae 
palmatae); these folds usually are absent after 
the first pregnancy. 

The body of the uterus is the most movable 
part; the cervix, although mobile, is held 
rather firmly at either side by fascial and liga- 
mentous bands known as Mackenrodt’s (cardi- 
nal) ligaments (p. 600). 

In the virgin the uterus lies with its long 
axis almost parallel with the superior aperture 
of the true pelvis and almost at right angles 
to the long axis of the vagina. Therefore, the 
fundus of the uterus is directed forward; this 
position is described as anteversion. Further- 
more, the uterus is bent forward upon itself, 
producing anteflexion. It also is rotated 
slightly on its own axis. The position varies 
greatly in different individuals and is subject 
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to change, depending on posture and the con- 
dition of the bladder and the rectum. 

The structure of the uterus consists of 3 lay- 
ers: an outer serous coat, a middle muscular 
coat and an inner lining, the mucous mem- 
brane. 

1. The outer serous coat (perimetrium) is vis- 
ceral peritoneum which consists of mesothe- 
lial cells; it is attached to the subjacent muscu- 
lar coat through a thin layer of connective 
tissue. This attachment is firm over the fundus 
and the posterior part of the corpus but is 
much less firm over the posterior part of the 
cervix. 

2. The muscular layer is known as the myo- 
metrium and makes up the greater part of 
the organ. It consists of interlacing bundles 
of smooth muscle fibers which are united by 
connective tissue. These fibers increase in size 
and probably in number during the first half 
of pregnancy and they never regain their vir- 
ginal size. 

3. The inner lining of mucous membrane is 
the endometrium; it is smooth and velvety 
and is about 2 to 5 mm. in thickness. The ep- 
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Fig. 522. The vagina, frontal section. The vagina passes through the fascia of the pelvis, between the 
levator ani muscles, through the urogenital diaphragm and opens onto the surface of the perineum. 
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ithelium is columnar in type and is firmly at- 
tached to the underlying myometrium. 

The endocervix also is a columnar epithe- 
lium richly provided with compound race- 
mose glands which secrete a clear mucous; 
this may fill the cervical canal and act as a 
protective plug against uterine infection. 


Malformations. Various developmental mal- 
formations of the uterus may take place. The 
2 Miillerian ducts normally fuse over those 
parts which form the uterus and the vagina 
(Fig. 516). The upper or tubal portions of the 
ducts retain their independence as the 2 Fallo- 
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pian tubes. The fused uterus and the vagina 
are at first partitioned by a median septum 
which disappears later, and the double uterine 
and vaginal canals become converted into a 
single cavity. The disappearance of this me- 
dian partition occurs from the vulva upward, 
and the degree of its absorption may vary. 
Therefore, a partitioned vagina with a parti- 
tioned uterus (uterus didelphys), a completely 
developed single vagina and a partitioned 
uterus (uterus duplex), or a single vagina and 
a single uterus (uterus simplex) may result. 
Occasionally, the ducts remain separated 
throughout their entire length and then 2 en- 
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Fig. 523. The vagina. (A) Seen from in front and above. The arrow leads to the lateral fornix. (B) The 
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tirely separate uteri and vaginae are found. 
The uterus may be divided, producing the bi- 
cornate uterus; the cervix may be either single 
or double. If one Miillerian duct fails to keep 
pace with the other, any variety of asymmetry 
may result. 


Vagina 


The vagina is a flattened but distensible mus- 
culomembranous canal which usually mea- 
sures about 3 inches in length. It extends from 
the vulva, through the urogenital diaphragm 
and to the region of the rectouterine pouch 
of Douglas (Figs. 520, 522 and 523). If followed 
from above downward, it passes forward 
through the fascia of the pelvis, between the 
borders of the 2 levators and, after passing 
through the urogenital diaphragm, opens onto 
the surface of the perineum between the labia 
minora (Fig. 522). Therefore, it lies partly in 
the pelvis and partly in the perineum. Its ante- 
rior wall is 3 inches long, and its posterior 
wall 3% inches long; these walls are normally 
in contact with each other. In transverse sec- 
tions the vagina appears as a transverse slit, 
or in its upper part as the letter “H” (Fig. 
523 B). The walls are separated where the 
cervix uteri projects into the vaginal cavity. 

The space which exists between the intrava- 
ginal portion of the cervix and the vaginal 
walls is divided into anterior, lateral and poste- 
rior fornices. Since the posterior vaginal wall 
is nearly % inch longer than the anterior, the 
posterior fornix is deeper (Fig. 520). The nor- 
mal nulliparous vagina is held in position as 
a semirigid tube by its surrounding fascia. An- 
teriorly, the fascia is found between the blad- 
der and the vagina, and it stretches from the 
symphysis beneath the bladder to the anterior 
wall of the cervix. Posteriorly, fascia separates 
the vagina from the rectum (rectovaginal fas- 
cia). When these fascial structures are 
stretched or are torn during childbirth, recto- 
celes and cystoceles develop. 


Relations. The vagina is related anteriorly, in 
its upper part, to the back of the bladder and 
the terminal parts of the ureters, and in its 
lower part to the urethra and the fatty areolar 
tissue behind and below the symphysis pubis. 
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Posteriorly, in its upper % inch, it is covered 
with peritoneum which separates it from 
loops of intestines; below this it is related to 
the lowest part of the rectum and still lower 
to the perineal body which separates it from 
the anal canal. Laterally, the vagina is crossed 
by the ureters and the uterine arteries lying 
in the parametrium of the lower and the inner 
parts of the broad ligaments; therefore, a 
thickened tuberculous ureter or the pulsations 
of the uterine artery can be felt vaginally (Fig. 
523 A). At a lower level the vagina is clasped 
by the inner borders of the levator ani muscles 
which form a “sphincter” vagina; at its lowest 
part it is covered by the vestibular glands and 
the bulb of the vestibule. 


Arteries. The chief artery on each side is the 
vaginal artery; this replaces the inferior vesi- 
cal artery of the male (Fig. 530). It arises from 
the anterior division of the internal iliac artery 
and passes forward and medially on the leva- 
tor ani to the vagina. Further arterial blood 
is contributed by the uterine and the middle 
rectal arteries and by the artery of the bulb 
of the vestibule. 


Veins. The veins form networks in the sub- 
mucous coat and on the surface. These net- 
works are drained by veins accompanying the 
arteries. 


Lymphatics. The lymph vessels from the up- 
per part accompany the uterine lymph vessels 
to the external and the internal iliac glands; 
those from the middle part pass along the va- 
ginal blood vessels to the internal iliac glands, 
while some of those from the lower part drain 
into the sacral and the common iliac glands. 
Other glands are associated with lymph ves- 
sels from the anal canal and the vulva; they 
end in the superficial inguinal glands. 


Coats. The vagina has 4 coats: (1) external fas- 
cial coat of areolar tissue containing a plexus 
of veins; (2) a coat of nonstriated muscle; (3) 
a submucous coat of elastic areolar tissue 
which contains a dense plexus of veins, so thin- 
walled that it resembles erectile tissue, and 
(4) a mucous coat which is covered with strati- 
fied epithelium and is mucous only in name, 
for the vagina per se does not contain mucous 
glands. It is kept moist by mucous from the 
uterus. 
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Uterine Tubes (Fallopian Tubes) 


The uterine tubes are the paired oviducts 
which convey the ovum to the uterus. Each 
is about 4 inches long, %4 inch wide and is 
quite tortuous (Figs. 519, 521 and 524). They 
are found in the upper border of the broad 
ligaments, which, therefore, form a “mesen- 
tery” for the tube. Each tube emerges from 
the uterine wall at the junction of the corpus 
and the fundus uteri. Its course is at first hori- 
zontally outward and then backward; it curls 
around the tubal end of the ovary and overlaps 
its medial surface (Fig. 517). It connects with 
the uterine cavity through the uterine ostium 
and with the abdominal cavity through the 
abdominal ostium. The caliber of the latter 
is subject to great variation in different indi- 
viduals. 

These 4 chief subdivisions are recognized 
(Fig. 524). (1) The interstitial part is a short 
portion which begins at the upper angle of 
the uterine cavity with which it connects by 
a minute ostium. It is that part which passes 
through the uterine wall (about % inch thick) 
and appears externally at the cornu just above 
the uterine attachment of the round and the 
ovarian ligaments. (2) The isthmus is that me- 
dial inch of tube which is short and cordlike; 
it appears just outside of the uterus and runs 
a rather narrow but straight course. The lu- 
men of the isthmus gradually increases and 





Fig. 524. Uterus, ovaries and fallopian tubes. (A) 
A section of the uterus has been removed so that 
the interior of the uterine cavity and the cervical 
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joins the ampulla. (3) The ampulla is that por- 
tion which is the widest and the longest subdi- 
vision of the tube; it appears to be convoluted. 
It is thin-walled and dilatable and constitutes 
the most important part of the tube. It leads 
into the trumpet-shaped expansion which is 
the infundibulum. (4) The infundibulum is 
funnel-shaped, but the surface of the funnel 
is broken into numerous fingerlike processes 
called fimbriae, which give the free margin 
a fringed or ragged appearance. 

From its uterine attachment to the fimbri- 
ated end, the tube is enveloped by a superior 
fold of broad ligament, the mesosalpinx. The 
isthmus of the tube, which has a relatively 
short mesosalpinx, moves with the uterus, but 
the ampulla and the infundibulum, with a 
comparatively long mesosalpinx, are nearly as 
mobile as the ovary. 

In addition to an outer serous coat derived 
from the broad ligament, the tube is sur- 
rounded by a subserous layer and a muscle 
layer which is continuous with that of the 
uterus. The mucosa lining the tube is peculiar 
in that it is arranged in folds which are di- 
rected longitudinally. This mucous membrane 
is covered with a ciliated epithelium; the ac- 
tion of the cilia is supposed to create a stream 
of lymph from the peritoneal cavity into the 
mouth of the tube and along it to the uterus. 

The arterial blood supply is derived from 
the tubal branches of the uterine and the ova- 


canal can be seen. (B) Transverse section through 
the ovary. 
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rian arteries (Fig. 533). The lymph vessels 
drain to the aortic glands with the vessels to 
the ovary and the fundus of the uterus. The 
nerve supply is derived from the uterine and 
the ovarian plexuses and ultimately from 11 
and 12 T and 1 L. 


Ovaries 


The genital gland of the female resembles a 
large almond, in both size and shape. It pro- 
jects from the posterior layer of the broad liga- 
ment, which it draws outward to form the 
mesovarium (Fig. 524). It is covered with cu- 
boidal epithelium, not peritoneum. The meso- 
varium is usually short and attaches only to 
the anterior border of the ovary. The gland 
is smooth and pink in young nulliparae but 
becomes gray and puckered in elderly women 
and in multiparae. This is due to the repeated 
discharge of ova through its surface and the 
resultant formation of puckering scars; in old 
women it becomes shrunken, wrinkled and 
atrophic. 

The ovary lies in the peritoneal depression 
on the side wall of the pelvis; the depression 
is bounded behind by the ureter and in front 
by the broad ligament. In the floor of this fossa 
the obturator vessels and nerves are found. 
At the first pregnancy, the broad ligament en- 
larges with the uterus and carries the ovary 
up into the abdomen proper. After childbirth, 
the organ returns to the pelvis but seldom 
regains its former position; it may be found 
in any location in the dorsal part of the pelvis. 
It also may be prolapsed deep into the cul- 
de-sac, where it can be palpated vaginally, lat- 
eral to or behind the cervix. 


Extremities and Surfaces. The ovary has 2 ex- 
tremities and 2 surfaces. The tubal extremity, 
which is referred to as the upper pole, is 
rounded, faces superiorly and is embraced by 
the fallopian tube. The infundibulopelvic liga- 
ment (suspensory ligament of the ovary) at- 
taches this pole to the peritoneum of the pel- 
vic wall; it is derived from the upper and the 
lateral aspects of the broad ligament and con- 
tains the ovarian vessels. The fimbriae of the 
fallopian tube also are found at the upper pole 
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of the organ. The lower (uterine) pole con- 
nects the ovary with the superolateral angle 
of the uterus by means of the ovarian liga- 
ment; it is about % inch above the pelvic floor. 
The medial surface is directed inward, and 
since it is overlapped to a great extent by the 
Fallopian tube, only a small part of it is ex- 
posed to the eye. The lateral surface faces out- 
ward and is in direct contact with the parietal 
peritoneum of the pelvic wall where this layer 
is depressed to form the ovarian fossa. Al- 
though pregnancy may alter the position of 
the ovary in multiparae, it nevertheless re- 
mains anchored at 3 places: the ovarian liga- 
ment, the mesovarium and the infundibulo- 
pelvic ligament. 


Arteries. The blood supply is derived from 
the ovarian artery, a direct branch of the 
aorta, which arises just below the origin of 
the renal artery (Fig. 533). Unlike the corre- 
sponding artery in the male, it does not pass 
through the internal inguinal ring but turns 
medially over the pelvic inlet to enter the in- 
fundibulopelvic ligament of the ovary. Its 
branches reach the hilum by way of the meso- 
varium, but the terminal branches continue 
medially in the broad ligament to supply the 
uterine tube and the upper part of the uterus. 
It anastomoses with branches of the uterine 
artery. 


Veins. Several veins arise from the hilum of 
the ovary but they unite to form a single or 
double ovarian vein. The right ovarian vein 
empties into the inferior vena cava, and the 
left joins the left renal vein. 


Lymphatics. The lymph vessels follow the 
ovarian veins and end in the aortic lymph 
glands. 


Nerves. The nerve supply is derived from the 
aortic and the renal plexuses (10 T.). 

The structure of the ovary reveals 2 zones: 
a central medullary and an outer cortical layer 
or zone. The medullary zone is characterized 
by its numerous blood vessels within the con- 
nective tissue. The cortical layer, besides con- 
taining connective tissue, contains the essen- 
tial glandular tissue in the form of Graafian 
follicles in various stages of development. 


SECTION 5 PELVIS 


Chapter 32 


Ureters 


The ureters are expansile muscular tubes, 
whitish in appearance, which are approxi- 
mately 10 inches long and about % inch in 
diameter. The iliopectineal line serves as a 
dividing point between the abdominal and the 
pelvic portions of the ureters. 


Relations 


From above downward the ureter rests an 
the genitofemoral (genitocrural) nerve, the 
common iliac vessels on the left side, and the 
external iliac vessels on the right side; after 
passing downward on the internal iliac artery, 
it is related to the ligaments in the pelvis (Fig. 
525). As the ureter bends into the true pelvis 
the ovarian (testicular) vessels gradually di- 
verge from it. The end of the abdominal por- 
tion of the ureter is separated from the iliopec- 
tineal line by the psoas muscle and the iliac 
vessels. On the right side it crosses the vessels 
at the point of bifurcation of the common iliac 
artery, but on the left side it crosses the com- 
mon iliac about 1 to 1.5 cm. above its bifurca- 
tion. On the left side it bears a constant rela- 
tionship to the sigmoid. It appears above the 
iliopectineal line at the apex of the intersig- 
moid fossa (Fig. 525 B). On the right side the 
relation of the ureter to the intestine is less 
constant because of the variable position of 
the cecum and lower loops of the ileum. The 
ureters are placed behind the peritoneum to 
which they are loosely attached. 


Right Ureter 


The right ureter is a little lateral to the inferior 
vena cava; its pelvis is covered by the second 
part of the duodenum. Four sets of blood ves- 
sels cross in front of it, between it and the 
peritoneum (Fig. 525 A). These are: the right 
colic artery, the testicular (ovarian) artery, the 
ileocolic artery and the superior mesenteric 
artery in the root of the mesentery. 


Left Ureter 


The left ureter is a little lateral to the inferior 
mesenteric vein. Its pelvis is more exposed 
than the right and, after appearing from be- 
hind the renal vessels, is covered only by the 
peritoneum. It is separated, as on the right 
side, at intervals from the peritoneum by the 
upper left colic, the testicular (ovarian) and 
two or more left colic vessels. Because of the 
vessels which cross the abdominal part of the 
ureter, the extraperitoneal lumboinguinal ap- 
proach is preferable to the transperitoneal 
one. 


The Pelvic Part of the Ureter 


This part is divided into 3 portions (Figs. 526 
and 527): (1) a pars posterior (in the uterosacral 
ligament), (2) a pars intermedia (in Macken- 
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Fig. 525. The ureter. (A) The ureters are shown 
in their entire courses and their anatomic relation- 
ships. Four vessels cross the right ureter: the right 


rodt’s ligament) and (3) a pars anterior (in the 
vesicouterine ligament). 

The pars posterior of the pelvic portion of 
the ureter begins at the level of the sacroiliac 
joint. At this point the ureters are separated 
by a distance of 6 to 7 cm., a distance which 
corresponds roughly to the width of the mid- 
dle of the sacrum (Fig. 492). 

In this part of their course they form an 
arch, the convexity of which is directed la- 
terad. After traveling about an inch, they lie 
from 12 to 13 cm. from each other; they reach 
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ureter to the intersigmoid fossa. 


the upper edge of Mackenrodt’s ligament via 
the uterosacral ligaments (p. 600). 

They next bend mediad and, due to the po- 
sition of the uterosacral ligament on the poste- 
rior surface of Mackenrodt’s ligament, they 
pass in an anteroinferior and medial direction 
into this ligament. This portion of the ureter 
remains attached to the lateral pelvic wall and 
the anteromedial aspect of the internal iliac 
artery. It crosses all the anterior branches of 
this artery, namely, the obturator and the su- 
perior vesical arteries (Fig. 527). 


The Pelvic Part of the Ureter 
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Fig. 526. The 3 parts of the pelvic ureter. (A) It 
is convenient to divide the pelvic portion of the 
ureter into 3 parts: (1) a posterior part in the utero- 
sacral ligament, (2) an intermediate part, Macken- 
rodt’s ligament, and (3) an anterior part in the vesi- 


Medially, this portion of the ureter ap- 
proaches the posterior margin of the ovary, 
which lies immediately anterior to the inter- 
nal iliac artery; therefore, the posterior 
boundary of the ovarian fossa is formed by 
the pars posterior of the pelvic portion of the 
ureter (Fig. 526 A). This part of the ureter 
is accompanied by the uterine artery, which 
lines along its anterolateral surface (Fig. 523). 

The pars intermedia of the pelvic portion 
of the ureter is that part which runs in Mack- 
enrodt’s ligament. It extends from its entrance 
into the ligament as far as the vesicouterine 
ligament. In this ligament the ureter comes 
into close relationship with the cervix for a 
short distance, being about 1.5 cm. from it 
(Fig. 526 C). 

In the upper portion of its course the ureter 
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couterine ligament. (B) The intermediate part of 
the ureter is surrounded on all sides by vessels, 
mostly veins. (C) The uterine artery is lateral to 
the lst part, passes across the 2nd part and is medial 
to the 3rd part of the ureter. 


is covered by the uterine artery and vein, but 
in its deepest portion these vessels cross it. 
In its intermediate portion it is difficult to iso- 
late because it is surrounded on all sides by 
vessels, mostly veins (Fig. 526 B). Caudally, 
the deep uterine veins and the vaginal veins 
are found; medially there is the uterovaginal 
plexus, which passes downward along the 
edge of the uterus and the vagina; laterally, 
the anastomoses between the superficial and 
deep uterine veins appears. Although these 
vessels surround the ureter, they do not di- 
rectly touch it, since the ureter travels in a 
preformed canal to which its adventitia is at- 
tached by loose connective tissue. Therefore, 
in order to free this part of the ureter the 
dissection must be carried along the correct 
cleavage plane, which is between the canal 
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Fig. 527. The ureter. (A) The blood supply of the 
ureter is derived from the renal, the testicular, the 
colic, the vesical and the middle rectal arteries (Fig. 


of the ureter and its adventitia. If this plane 
is found, it is possible to dissect it without in- 
jury and unnecessary hemorrhage. 

The distance from the ureter to the cervix 
is not constant, the average being ¥% to 1 inch. 
It depends on the framework of vessels around 
the ureteral canal. If the anastomoses between 
the deep and the superficial veins are close 
to the edge of the uterus, the ureter lies near 
to the cervix; if the anastomoses are situated 


443 A). (B) The pelvic portion of the ureter, show- 
ing its entrance into the bladder. 


nearer to the pelvic wall, the ureter is farther 
away. Lateral displacement of the uterus also 
alters the ureteral position. If the uterus is 
displaced to the right, then the right ureter 
lies nearer to the edge of the cervix and vice 
versa. 

The pars anterior of the pelvic portion of 
the ureter extends from its entrance into the 
vesicouterine ligament as far as the ureteral 
orifice of the bladder. The veins draining the 


The Pelvic Part of the Ureter 


vesical plexus lie lateral to and above the ure- 
ters. The vaginal plexus is caudad and forward 
toward the symphysis, and the anterior vagi- 
nal wall is adjacent to it. Medially, it is 
bounded by the vesicovaginal space. As it 
passes forward in the vesicouterine ligament 
it gradually turns upward and medially; it 
empties into the bladder about 1.5 cm. below 
the level of the anterior lip of the cervix (Fig. 
523 C). This is a relationship which should 
be appreciated, for at times a calculus in this 
portion of the ureter may be felt vaginally 
(Fig. 520 A). As the ureter (pars intermedia) 
travels through a sort of canal in Mackenrodt’s 
ligament, so does the pars anterior course 
through a similar canal in the vesicouterine 
ligament. The wall of the canal is attached 
to the ureter by a similar type of loose connec- 
tive tissue. 

The uterine artery is lateral to part one, 
runs across part two and is medial to part three 
of the ureter. 


The Pelvic Part of the Ureter in the 
Male 


This part of the ureter crosses the beginning 
of the external iliac artery, passes backward 
and downward along the lower border of the 
internal iliac (hypogastric) artery and reaches 
the level of the ischial spine (Fig. 528). At this 
point it curves forward and mediad in the fat 
above the levator ani muscle and reaches the 
posterosuperior angle of the bladder. It passes 
through the posterior wall of the bladder at 
an extreme oblique angle, running medially 
and downward. It opens into the bladder at 
the upper angle of an area called the trigone. 
As the ureter approaches the bladder, it is 
under cover of the closely adherent perito- 
neum and at times may be seen shining 
through it. In the beginning of its course the 
internal iliac artery is above and behind it. 
Lateral to it are the psoas and the obturator 
internus muscles, the external iliac vein, the 
obturator nerve, the umbilical artery, and the 
obturator and the inferior vesical vessels. As 
the ureter turns downward it lies in the fat 
above the levator ani muscle and beneath the 
peritoneum; the vas deferens crosses above 
it, between it and the peritoneum near the 
bladder. Near the bladder it is surrounded by 
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Fig. 528. The ureter in the male, seen from the 
right. The vas deferens crosses above the ureter 
as it is overlapped by the upper end of the seminal 
vesicle. 


a plexus of veins and is overlapped by the 
upper end of the seminal vesicle. It receives 
its blood supply from branches arising from 
the renal, the testicular, the colic, the vesical 
and the middle rectal arteries. Because of its 
great vascularity, the ureter may withstand 
a considerable amount of surgical trauma, and 
large segments of it may be mobilized without 
sloughing. It is for this reason that injury to 
it heals quickly. Its nerve supply is derived 
from the renal, the testicular and the hypogas- 
tric plexuses. The lymphatics end in glands 
nearest it in the abdomen and the pelvix. 

The ureter is constricted in certain locali- 
ties. The uppermost of these constrictions is 
about 5.5 cm. from the kidney pelvis, the next 
at the brim of the pelvis where the ureter 
crosses the common iliac artery, and the third 
or lowermost just outside of the ureteral ori- 
fice. A ureteral calculus usually stops at one 
of these constrictions as it passes down the 
ureter. 


Surgical Considerations 


Exposure of the Ureter 


It may be necessary to expose the ureter for 
excision, the removal of stones or for repair 
(Fig. 529). 
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Fig. 529. Exposure of the right ureter. The illustra- 
tion reveals a retroperitoneal approach. The perito- 
neum is retracted medially, and the relations to 
the surrounding vessels are demonstrated. 


A number of incisions have been described 
(Fig. 545); however, it is agreed that this struc- 
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ture is approached most readily by a retroperi- 
toneal route. The incision should be ample 
and allow for examination of not only the en- 
tire ureter but the kidney as well. The patient 
is placed in the lateral decubitus and is well 
arched over a kidney-rest or a sandbag. An 


adequate lumboiliac incision is made. The in- 


cision begins about the middle of the 12th 
rib and extends downward and forward to a 
midpoint between the center of the iliac crest 
and the anterior superior iliac spine; it then 
passes around the anterior iliac spine and con- 
tinues forward and parallel with the inguinal 
ligament. The external and the internal 
oblique muscles and the transversus abdom- 
inis muscle are incised in the direction of the 
skin incision; the transversalis fascia is incised; 
and the extraperitoneal fat is exposed. 

The peritoneum is mobilized medially, and 
the ureter and the pelvic vessels are identi- 
fied. The ureter normally remains adherent 
to the peritoneum when that structure is re- 
flected toward the midline. Nevertheless, the 
ureter can be detached easily from the perito- 
neum to permit any surgical procedure or ex- 
ploration which might be deemed necessary. 


SECTION 5 PELVIS 


Chapter 33 


Neurovascular Structures 


Most of the vessels supplying the structures 
within the pelvis lie in the extraperitoneal 
fatty tissue which intervenes between the 
peritoneum and the fascia. The nerves, at first, 
lie outside of the fascia and are not only retro- 
peritoneal but, like the muscles, are also retro- 
fascial. 


Arteries 


The arteries of the pelvis are the internal iliac 
(hypogastric), the superior hemorrhoidal (rec- 
tal), which is the continuation of the inferior 
mesenteric, and the median sacral. The ova- 
rian artery is an exception in that it does not 
arise within the true pelvis but originates from 
the aorta at the level of the kidneys (Fig. 533). 


Internal Iliac (Hypogastric) Artery 


This artery is the largest artery in the true 
pelvis and gives rise to all the arteries of the 
pelvis except the superior hemorrhoidal, the 
median sacral and the ovarian (Figs. 530 and 
531). It is a wide vessel, smaller than the exter- 
nal iliac, and is about 1% inches long. It arises 
as a terminal branch of the common iliac on 
the medial border of the psoas muscle, passes 
backward and downward across the medial 
surface of the psoas muscle and enters the 
pelvis. In its course it passes the sacroiliac joint 
and ends near the upper border of the greater 
sciatic notch by breaking up into anterior and 
posterior divisions which supply the exterior 
and the interior of the pelvis. Although it is 


narrower in the adult than the external iliac, 
it is twice as wide in the fetus because of its 
umbilical branch which passes to the umbili- 
cus and the placenta. After birth, the umbilical 
branch is patent to a point where the superior 
vesical arteries arise, and beyond this it be- 
comes a fibrous cord called the lateral umbili- 
cal ligament. The ureter is in front of it; be- 
hind it lies its vein, and as it descends 
subperitoneally it crosses medial to the exter- 
nal iliac vein and the obturator nerve (Fig. 
530). At the upper border of the greater fora- 
men, the artery divides into anterior and pos- 
terior divisions; the terminal branches from 
these divisions follow a pattern which is open 
to considerable variation. 


Posterior Division. The posterior division 
gives rise to the following 3 branches, all of 
which are parietal: the iliolumbar, the lateral 
sacral and the superior gluteal (Fig. 530). 

lliolumbar Artery. Located at the 5th lum- 
bar segment, the iliolumbar artery corre- 
sponds to a lumbar artery. It passes upward 
and laterally, first between the obturator 
nerve and the lumbosacral cord and, secondly, 
between the psoas muscle and the spinal col- 
umn. Opposite the pelvic brim the artery di- 
vides into an iliac and a lumbar branch, the 
former ramifying the iliac fossa and the latter 
ascending behind the psoas to send a spinal 
branch into the vertebral canal via the lumbo- 
sacral intervertebral foramen. The iliolumbar 
vein does not descend into the pelvis with 
its artery but ends in back of the common 
iliac vein. 
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Fig. 530. The right internal iliac artery and its branches. The urterus and the rectum have been pulled 


to the left and forward. 


Lateral Sacral Artery. This artery passes 
mediad and downward in front of the sacral 
nerves, and each of them divides into 2. 
Therefore, 4 arteries pass through the anterior 
sacral foramina to nourish the structures in 
the sacral canal; they emerge through the pos- 
terior sacral foramina to supply the muscles 
on the back of the sacrum and the overlying 
skin. 

Superior Gluteal Artery. This artery is the 
largest branch of the posterior division of the 
internal iliac artery, and its course in the pelvis 
is short. It passes downward and backward 
between the lumbosacral trunk and the Ist 
sacral nerve, pierces the parietal pelvic fascia 
and enters the gluteal region via the upper 


part of the greater sciatic foramen above the 
piriformis muscle. It travels with its vein and 
the superior gluteal nerve. 


Anterior Division: Parietal and Visceral Bran- 
ches. The anterior division of the internal 
iliac artery gives rise to 9 branches. All of the 
posterior branches previously described are 
parietal, but the anterior branches are both 
visceral and parietal. The 3 parietal branches 
are the obturator, the internal pudendal and 
the inferior gluteal; the 6 visceral branches 
are the umbilical, the superior vesical, the in- 
ferior vesical, the middle hemorrhoidal, the 
uterine and the vaginal. 

Obturator Artery. The obturator artery 


Arteries 


passes forward and downward along the lat- 
eral wall of the pelvis and emerges through 
the obturator foramen above the obturator in- 
ternus muscle. It is accompanied by its nerve 
and vein; the order, from above downward, 
is nerve, artery and vein. Converging on the 
nerve and after passing through the upper 
part of the obturator foramen, it divides into 
lateral and medial branches which surround 
the obturator foramen lying between it and 
the obturator externus muscle. These 
branches encircle the outer surface of the ob- 
turator membrane, supply the obturator ex- 
ternus muscle and give an _ acetabulator 
branch to the hip joint. An abnormal obtura- 
tor artery, when present, is important in the 
surgery of femoral hernias (p. 810). The obtu- 
rator and the inferior epigastric arteries each 
supply pubic branches, which are small and 
anastomose at the back of the pubis. In 30 
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to 35 percent of cases, however, the pubic 
branch of the inferior epigastric artery is large 
and replaces the obturator branch; it is called 
the abnormal obturator artery (Fig. 532). This 
apparently is attributable to an obliteration 
of the usual origin of the obturator artery. 
From its origin the abnormal artery descends 
into the true pelvis on the medial side of the 
external iliac vein and usually lies lateral to 
the femoral ring. If the artery is on the medial 
side of the ring and along the edge of the 
lacunar ligament, it is in a precarious location, 
since cutting this ligament in a strangulated 
femoral hernia might sever the artery and re- 
sult in profuse hemorrhage. 

Internal Pudendal Artery. The internal pu- 
dendal artery travels a rather complicated 
course. It descends over the piriformis muscle 
and the sacral plexus in the interval between 
the piriformis and the coccygeus muscles. At 
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Fig. 531. The right internal iliac artery. (A) Relations of the prostate and bladder. (B) The middle 
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this point the artery leaves the pelvis through 
the greater sciatic foramen and enters the but- 
tock, where it rests on the spine of the ischium 
with the pudendal nerve on its medial side 
and the nerve to the obturator internus on 
its lateral side; these are covered by the glu- 
teus maximus muscle. The artery then disap- 
pears through the lesser sciatic foramen and 
reaches Alcock’s pudendal canal where it 
passes downward to gain access to the peri- 
neum (Fig. 403). It terminates by piercing the 
perineal membrane and divides into the deep 
and the dorsal arteries of the penis or the cli- 
toris. It supplies inferior rectal, scrotal (labial), 
transverse perineal, bulbar, penile and clitoral 
branches. 

Inferior Gluteal Artery. The inferior glu- 
teal artery is the terminal and largest branch 
of the anterior division. It passes downward 
and backward, pierces the fascia in front of 
the piriformis muscle and continues between 
the lst and the 2nd, or the 2nd and the 3rd 
sacral nerves. It leaves the pelvis through the 
lower part of the greater sciatic foramen and 
appears in the buttock between the piriformis 
and the gemellus superior. Its branches in the 
pelvis are only twigs to the surrounding struc- 
tures. 

Umbilical Artery. The umbilical artery 
passes downward and forward along the side 


wall of the pelvis in front of the obturator 
nerve; it is in contact with the bladder when 
it is full but is some distance from it when it 
is empty. It proceeds upward from the blad- 
der to the umbilicus, being covered by perito- 
neum. In the pelvis it is crossed by the ureter 
and the vas deferens (ligamentum teres in the 
female). It gives off the superior vesical artery; 
beyond that point its lumen becomes obliter- 
ated, and then it is known as the lateral umbili- 
cal ligament (Fig. 531 B). Under that name 
it ascends out of the pelvis in the extraperito- 
neal tissue of the anterior abdominal wall to 
reach the umbilicus. The umbilical artery has 
no accompanying vein; the umbilical vein 
which accompanies the fetal arteries in the 
umbilical cord leaves them at the umbilicus, 
continues to the liver and becomes the round 
ligament of the liver. 

Superior Vesical Arteries. The superior ves- 
ical arteries may arise as 2 or 3 branches from 
the umbilical artery. They supply the superior 
aspect of the bladder and may give off the 
artery to the vas deferens. 

Inferior Vesical Artery. - The inferior vesical 
artery is small; in the male it arises a little 
below the obturator artery. It passes forward 
to reach the bladder and supplies the seminal 
vesicles, the prostate and the posterior and 
the inferior parts of the bladder. It gives off 
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a long slender branch called the artery of the 
vas deferens which supplies and accompanies 
the vas as far as the testis. 

Vaginal Artery. The vaginal artery re- 
places the inferior vesical artery of the male. 
It is larger than the latter and arises a little 
below the obturator artery, descends and di- 
vides into branches which pass to the vagina; 
other branches pass onward to the posterior 
and the lower parts of the bladder. 

Middle Hemorrhoidal (Rectal) Artery. The 
middle hemorrhoidal (rectal) artery travels in 
a leash of veins that forms the posterior limit 
of the retropubic space. It usually arises from 
the internal pudendal artery but may arise 
with the inferior vesical. It passes medially 
to the rectum, ramifies its walls and sends 
twigs forward to the vagina or to the seminal 
vesicles and the prostate gland. With the veins 
and a condensation of extraperitoneal areolar 
tissue, it constitutes the rectal stalk or the lat- 
eral rectal ligament. 

Uterine Artery. The uterine artery is a large 
vessel that arises near the lower end of the 
anterior division of the internal iliac. It may 
be divided conveniently into the following 
parts: (1) descending, (2) horizontal and (3) 
ascending (Fig. 533). 

The descending part represents its course 
on the lateral pelvic wall which corresponds 
to the posterior edge of the ovarian fossa. 
Since this part is associated with the parietal 
wall, it is known as the parietal portion, and 
it is here that the artery may best be isolated 
from its surrounding tissues. 

The horizontal part is the parametrial por- 
tion; it crosses the ureter and is related to 
Mackenrodt’s ligament. This part may be sub- 
divided into ureterolateral and ureteromesial 
portions, depending on its relation to the 
ureter. 

The ascending part is the parauterine por- 
tion; it extends upward along the edge of the 
uterus and with the accompanying veins it 
forms a definite vascular cord in the para- 
metrium. 

The first branch of the uterine artery is the 
ureteral branch which is given off where the 
artery crosses the ureter; it passes upward 
along the ureter. At or just after crossing the 
ureter, a second uterine branch, the cervico- 
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vaginal artery, is given off. This branch sup- 
plies the posterior and the anterior walls of 
the cervix and the vagina; it lies within the 
cervical and the vaginal septa of the surround- 
ing connective tissue. The uterine branches 
proper are given off from part three (ascend- 
ing part). 

At the tubouterine junction the uterine ar- 
tery divides into its 4 terminal branches: (1) 
The fundic branches, which pass medially, 
penetrate the musculature of the uterus and 
supply the fundus. (2) The branch to the round 
ligament is the smallest branch; it passes for- 
ward beneath the tube at the cornu and ac- 
companies the round ligament along its course 
in the inguinal canal. This vessel anastomoses 
with a branch from the inferior epigastric. (3) 
The tubal branch extends from the ligament 
of the ovary into the mesosalpinx and divides 
into cranial and caudal branches. The cranial 
branch extends along the underside of ‘the 
tube within the mesosalpinx and supplies 
branches to both the tube and the ampulla. 
The caudal branch lies in the lower portion 
of the mesosalpinx near the hilus of the ovary 
and bends around the upper extremity of the 
ovary to reach the infundibulopelvic ligament 
where it anastomoses with the ovarian artery. 
The cranial and the caudal branches anasto- 
mose via small vessels which cross between 
the layers of the broad ligament. (4) The ova- 
rian branch arises beneath the ligament of the 
ovary, extends along the ventral side of the 
ligament, passes to the hilus of the ovary, gives 
off numerous branches and then joins the ova- 
rian artery. 

The location of the uterine artery is impor- 
tant because of the great number of surgical 
procedures performed in this region. It is es- 
pecially important where it crosses the ureter. 
This crossing is near the level of the internal 
os about l or 2 cm. from the lateral border 
of the cervix. At this point the ureter may 
be injured when the artery is ligated. 


Ovarian Artery 


The ovarian artery is homologous to the inter- 
nal spermatic artery in the male. It arises from 
the aorta below the origin of the renal artery 
and passes downward and laterally on the pos- 
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Fig. 533. The uterine artery. This vessel may be 
divided into 3 parts: (1) descending, (2) horizontal 
and (3) ascending. The tubes and the ovaries have 


terior abdominal wall (Fig. 533). Unlike the 
corresponding artery in the male, it does not 
pass to the deep inguinal ring but turns medi- 
ally over the pelvic inlet, coursing over the 
psoas muscle and crossing the external iliac 
vessels. It enters the infundibulopelvic liga- 
ment and reaches the ovarian hilus by way 
of the mesovarium. Its terminal branches con- 
tinue medially in the broad ligament and sup- 
ply the tube and the upper part of the uterus. 
It anastomoses freely with branches of the 
uterine artery. This vessel also crosses the 
ureter but in a different direction than the 
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been retracted outward to show the entire course 
of the uterine and the ovarian arteries. 


uterine artery. It crosses at an acute angle at 
the entrance of the true pelvis where it lies in 
front of the ureter; distal to this point the ova- 
rian artery and the ureter separate. The vessel 
proceeds along the lateral border of the ureter 
until the latter dips into the true pelvis at the 
terminal line. 


Veins 


The chief veins of the pelvis are the 2 internal 
iliac veins and their tributaries. Besides these 
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Fig. 534. The veins of the pelvis. These veins anastomose freely and form many venous plexuses on 


and in the walls of the pelvic viscera. 


there are the superior hemorrhoidal (rectal) 
and the median sacral veins, and in the female 
there is a pair of ovarian pampiniform plex- 
uses (Fig. 534). The veins of the pelvis are 
thin-walled, accompany the arteries and anas- 
tomose freely, thus forming many venous 
plexuses on and in the walls of the viscera 
from which the visceral veins arise. These 
plexuses are the rectal, the vesical, the pros- 
tatic, the uterine and the vaginal. They are 
not closed systems, but since they anastomose 
freely, the plexus of one organ communicates 
with the plexus of a neighboring viscus. It has 
been stated that the pelvic viscera lie within 
a basket woven of large, thin-walled, venous 
plexuses among which the arteries thread 
their way. 


Internal Iliac Veins. This is the widest vein 
of the pelvis. It is short and is formed by the 
confluence of the venae comitantes of the su- 
perior gluteal artery and most of the veins 
that accompany the other branches of the in- 
ternal iliac artery. It commences immediately 
above the greater sciatic foramen, passes for- 
ward and slightly upward out of the pelvis 
and ends on the medial surface of the psoas 
muscle. It joins the external iliac vein to form 
the common iliac vein. The internal iliac ar- 


tery is below and in front of it, and the sacro- 
iliac joint and the lumbosacral trunks are 
above and behind it; medially, it is separated 
from the intestines by peritoneum, and later- 
ally it is related first to the pelvic wall and 
the obturator nerve and then to the psoas 
muscle (Fig. 405). 


Uterine Plexus. The veins of the uterus consti- 
tute one of the most important of the plexuses. 
The uterine plexus completely encircles the 
ascending portion of the artery and continues 
downward along the sides of the vagina as 
far as the external genitalia. The uterovaginal 
plexus lies enclosed in the compact connec- 
tive tissue of the cervical and the vaginal septa 
as it continues upward to the edge of the 
uterus. These veins, like the vaginal, are 
chiefly on the sides of the organ where they 
surround the nutrient arteries. They arise in 
the cavernous venous spaces in the uterine 
wall and leave the lateral aspect of the organ 
at about the level of the cervix; here, they 
form a plexus which surrounds the ureter. The 
uterine veins anastomose with those of the 
vagina to form the uterovaginal plexus. The 
trunks from this plexus converge into the in- 
ternal iliac vein or into one of its main tribu- 
taries. The vaginal venous plexus is massed 
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at the sides of the vagina and communicates 
with the vesical, the rectal and the uterine 
plexuses. A vaginal vein arises on each side 
and accompanies the vaginal artery to the in- 
ternal iliac vein. 


Vesical Venous Plexus. In the female the vesi- 
cal venous plexus lies on the surface of the 
bladder; it is densest around the neck and the 
upper part of the urethra, where it receives 
the dorsal vein of the clitoris. It drains into 
the vaginal plexus. In the male the plexus lies 
on the surface of the bladder, chiefly below, 
behind and around the seminal vesicles. It 
empties into the internal iliac vein by large 
vesical veins that accompany the inferior vesi- 
cal artery. 


Prostatic Venous Plexus. This dense network 
lies on the front and the sides of the prostate 
between its capsule and its fascial sheath (Fig. 
506). Anteriorly, it receives the deep dorsal 
vein of the penis; superiorly, it is continuous 
with the vesical plexus, into which its blood 
is drained. The rectal venous plexuses have 
been discussed elsewhere (p. 498). 


Ovarian Vein. This vein arises at the pelvic 
brim from the pampiniform plexus, which sur- 
rounds the ovarian artery in the pelvis. It ac- 
companies this artery in the abdomen and 
ends, on the left side, in the left renal vein; 
on the right side it passes directly into the 
inferior vena cava. 


Testicular Vein. In the male this vein arises 
from the pampiniform plexus at or near the 
deep inguinal ring and accompanies the ar- 
tery into the abdomen. The left testicular vein 
ends in the left renal vein, and the right ends 
in the inferior vena cava a little below the 
level of the renal vein. Many believe that this 
arrangement of the left testicular vein predis- 
poses this side to the formation of varicoceles. 


Medial Sacral Vein. This vein is formed from 
the junction of the venae comitantes which 
travel with the median sacral artery. It usually 
passes along the right side of the artery and 
ends in the left common iliac vein. 


Inferior Vena Cava. This vessel is formed by 
the junction of the 2 common iliac veins on 
the right side of the 5th lumbar vertebra (Fig. 
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Fig. 535. The inferior vena cava. 


535). It ascends along the right side of the 
abdominal aorta and continues upward in a 
groove on the posterior surface of the liver. 
It perforates the diaphragm between the right 
and the median portions of its central tendon. 
After inclining forward and mediad for about 
l inch, it pierces the fibrous pericardium, 
passes behind the serous pericardium and 
opens into the lower and the back part of the 
right atrium. 

The relations of the abdominal portion of 
the inferior vena cava are as follows: In front, 
from below upward, it is related to the right 
common iliac artery, the mesentery, the right 
internal spermatic artery, the inferior part of 
the duodenum, the pancreas, the common 
bile duct, the portal vein and the posterior 
surface of the liver, which partly overlaps and 
occasionally surrounds it completely. Behind, 
it is in relation with the vertebral column, the 
right psoas major muscle, the right diaphrag- 
matic crus, the right inferior phrenic, suprare- 
nal, renal and lumbar arteries, the right sym- 
pathetic trunk and the right celiac ganglion, 
and the medial part of the right suprarenal 
gland. Relations on the right side are with 


Lymphatics 


the right kidney and ureter; on the left side, 
with the aorta, the right diaphragmatic crus 
and the caudate liver lobe. 

Anomalies of the inferior vena cava are not 
infrequent because of the complicated mode 
of development of this structure. It should be 
recalled that embryologically 3 parallel chan- 
nels—the posterior cardinal, the supracardinal 
and the subcardinal veins—develop bilater- 
ally. It is from this complicated arrangement 
that the various anomalies result. A persis- 
tence of the subcardinal vein rather than the 
supracardinal below the level of the kidneys 
leads to retrocaval ureter. Gladstone states 
that a large ascending vein on the left side 
of the abdomen represents a left inferior vena 
cava; he further states that a double inferior 
vena cava is about twice as frequent as is a 
single left one. In double vena cava either vein 
may be the larger one, and both may commu- 
nicate below with the common iliac veins on 
their respective sides. Numerous other con- 
nections of these venous channels have been 
recorded. So-called “absence” of the vena 
cava has been reported. Of course, this refers 
to the hepatic portion of the inferior vena 
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cava. The infrarenal or the suprahepatic por- 
tions apparently are never absent. Cases of 
so-called absence of the hepatic portion of the 
vena cava have been reported by Kaestner, 
Dwight and Neuberger. Other authors such 
as Huseby and Boyden and Efer, Greer and 
Sifers have reported quite extensively on the 
subject and can be referred to. 


Lymphatics 


Lymph Glands 


The lymph glands and the lymph vessels of 
the female pelvis occupy rather constant posi- 
tions (Fig. 536). The afferent lymph vessels 
from the skin and the subcutaneous tissue of 
the perineum, with the superficial afferent 
vessels from the inferior extremity, drain into 
a small group of lymph glands which are situa- 
ted on either side of the upper part of the 
great saphenous vein. This group is known 
as the superficial subinguinal glands. 

An adjacent group of glands, the superficial 
inguinal glands, about 10 to 20 in number, 
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Fig. 536. The lymphatic system of the female pelvis. 
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are situated just below the inguinal ligament 
and also receive perineal vessels, including 
those from the anus and the vulva. Into this 
latter group, the afferent lymphatics of the 
abdominal wall below the level of the umbili- 
cus also pass. 

The efferent vessels from both groups .(su- 
perficial inguinal and superficial subinguinal) 
converge toward the saphenous opening in 
the deep fascia of the thigh; through this they 
drain into the deep subinguinal glands. This 
group usually numbers about 3 or 4 glands 
and is situated on the medial side of the femo- 
ral vein; they receive afferent vessels from the 
clitoris and associated structures. 

The highest gland in this group has been 
called the gland of Rosenmiiller or the node 
of Cloquet. It is located in the femoral ring; 
should it become inflamed, it might be mis- 
taken for a strangulated femoral hernia. 

This group as a whole is continuous with 
an extensive chain of parietal pelvic glands 
which are related to the common iliac artery 
and its branches. These iliac glands have been 
subdivided into 3 groups: the external iliac, 
the internal iliac (hypogastric) and the com- 
mon iliac. All of these connect by numerous 
anastomoses. Their efferent vessels pass up- 
ward to a group of lumbar glands which, be- 
cause of their position in relation to the ab- 
dominal aorta, are called the preaortic, the 
retroaortic and the lateral aortic glands. The 
efferent vessels of these glands end in the cys- 
terna chyli of the thoracic duct opposite the 
2nd lumbar vertebra. 


Lymph Vessels 


The lymph vessels of the pelvic organs end 
mainly in the hypogastric and the iliac glands, 
but a small number may travel to the aortic, 
and a few may reach the inguinal glands. 
Those from the bladder pass to the external 
iliac, the hypogastric and the common iliac 
glands, and those from the urethra and the 
intrapelvic part of the ureter drain directly 
into the hypogastric group. The efferent 
lymph vessels from the cervix and the major 
portion of the vagina drain with those of the 
urinary bladder into the 3 groups of pelvic 
glands. However, those from the lowermost 
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part of the vagina descend to join those of 
the vulva and pass to the superficial inguinal 
group. The majority of the lymph vessels from 
the fundus and the cervix of the uterus pass 
laterad in the broad ligament and become 
continuous with the ovarian lymph vessels 
which ascend, with the ovarian blood vessels, 
to the aortic glands. However, some of these 
may pass to the hypogastric and the other iliac 
groups. The efferent vessels of the Fallopian 
tubes join those of the uterus and the ovaries. 
The vessels from the rectum pass upward to 
glands of the sigmoid mesocolon and then to 
the aortic group. Those from the anal canal 
end in the hypogastric glands, and those from 
the anus pass forward with those of the peri- 
neum to the inguinal group. 

Malignant neoplasms of the female genital 
tract drain into the iliac and the aortic glands 
and therefore are not palpable superficially; 
cancerous processes which affect the vulva, 
the perineum, the anus and the lowermost 
portions of the vagina may cause easily felt 
enlargements of the superficial inguinal 
glands. However, there is a rare exception to 
this rule, since lymph drainage from the fun- 
dus of the uterus may travel along the lym- 
phatics of the round ligament through the in- 
guinal ring and to the superficial inguinal 
glands. Since the surgery of cancer is the sur- 
gery of the lymph drainage, it is important 
to visualize this system when attempting to 
do a radical removal of cancer and its exten- 
sions. 


Surgical Considerations 


Ligation of the Inferior Vena Cava 


Ligation or obstruction of the inferior vena 
cava can be understood only if one has a pic- 
ture of the numerous collateral venous chan- 
nels that are available when this structure be- 
comes obstructed (Fig. 537). Although the 
collateral channels are numerous, these may 
not be sufficiently developed to allow survival 
following sudden and total obstruction of the 
vessel at or above the level of the renal veins. 
In contrast with this, sudden and total ligation 
of this vessel below the level of the renal veins 
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Fig. 537. Numerous collateral venous channels are available when the inferior vena cava becomes 
obstructed; this illustration depicts some of these possibilities. 


is compatible with life. The degree of morbid- 
ity and disability following this differs accord- 
ing to various authors. The operation has been 
performed to prevent pulmonary emboli. The 
chief superficial channel for collateral circula- 
tion is from the femoral vein through the su- 
perficial epigastric and then via the thoraco- 
epigastric vein to the lateral thoracic or some 
other tributary of the axillary vein. 

Other available channels from the femoral 
to the subclavian vein are by way of the infe- 
rior and the superior epigastrics, between the 
circumflex iliac and the lumbar veins, be- 


tween the hypogastric and the inferior mesen- 
teric veins, as well as numerous lumbar and 
vertebral venous plexuses. The ascending 
lumbar veins communicate below with the 
common iliac vein, with the lateral sacral 
veins, with the middle sacral vein when it is 
present, and with the hypogastric and the ilio- 
lumbar veins; in the abdomen they connect 
with lumbar and vertebral plexuses, especially 
at the level of the renal veins or with the left 
renal vein itself, and above with the azygos 
and the hemiazygos systems. Naturally, the 
availability of these pathways varies according 
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to their variational anatomy. Numerous other 
channels have been described. For further 
study one may refer to the works of Northway 
and Buxton and of Keen. 

The inferior vena cava may be approached 
and ligated either transperitoneally or extra- 
peritoneally (Fig. 538). 


Transperitoneal Approach. The transperito- 
neal approach is accomplished through a long 
lower right rectus incision which extends from 
the symphysis to well above the umbilicus 
(Fig. 538 A). The peritoneal reflection is in- 
cised along the paracolic gutter of the cecum 
and the ascending colon, which are reflected 
medially to the midline. The right ureter and 
the right ovarian vessels are identified. It is 
best to ligate the right ovarian veins and ar- 
tery. The vena cava is identified easily and 
is doubly ligated about the level of the 4th 
lumbar vertebra. The cecum and the ascend- 
ing colon are replaced into their normal posi- 
tions, and peritonization is accomplished. 


Extraperitoneal Approach. The extraperito- 
neal approach may be accomplished through 
a lateral incision similar to that used in lumbar 
sympathectomy. The inferior vena cava is 
identified easily; great caution should be used 
when ligating this vessel because of possible 
injury to lumbar veins. These latter veins are 
4 in number, on either side of the vena cava, 





Fig. 538. Ligation of the inferior vena cava. 
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and may be injured while passing the ligatures 
under the major venous trunk. Injury to these 
veins obscures the field and makes structure 
identification most difficult. This type of hem- 
orrhage is hard to control and may result in 
annoying hematomas. 


Ligation of the Iliac Vessels 


Ligation of the Common Iliac Artery. The in- 
dications for this operation are injury, aneu- 
rysms of the external iliac artery, or prelimi- 
nary to amputations about the hip joint. 

The collateral circulation takes place in the 
following ways: 

1. The inferior mesenteric artery above anas- 
tomoses with the visceral branches of the in- 
ternal iliac artery below. 

2. The ovarian artery above anastomoses with 
the uterine and the vesical arteries below. 

3. The middle sacral artery above anasto- 
moses with the lateral sacral branch of the 
internal iliac artery below. 

4. The internal mammary, the lower intercos- 
tal and the lumbar arteries above anastomose 
with the inferior epigastric below. 

The operation may be done either intraperi- 
toneally or extraperitoneally. 

The intraperitoneal method is done with 
the patient in the high Trendelenburg posi- 
tion. A low rectus incision is used. The bowel 
is packed off and retracted so that the poste- 
rior parietal peritoneum is exposed and 
opened over the artery. The veins lie behind 
the artery on the right side, but behind and 
medial on the left. The vessel is doubly ligated, 
and at times severed; the peritoneum is su- 
tured. 

The extraperitoneal method usually is done 
through an incision about 1 inch above and 
parallel with the inguinal ligament; it extends 
upward to the tip of the 11th rib (Fig. 539). 
The abdominal muscles are divided; the peri- 
toneum is exposed and is pushed forward and 
mediad until the vessel is located. The inner 
border of the psoas major muscle is used as 
the chief muscular guide. 


Ligation of the Internal Iliac (hypogastric) 
Artery. This is done for malignant growths 
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Fig. 539. The extraperitoneal approach to the 
common iliac artery. (A) The incision extends from 
the llth rib to 1 inch above and parallel with the 


in the pelvis which produce hemorrhage, for 
gluteal aneurysm and at times for excision of 
the rectum. 

The collateral circulation is carried out in 
the following way: 
1. Communication between the 2 internal 
iliac arteries. 
2. Communications between the internal iliac 
artery and the inferior mesenteric. 

The ureter lies anterior, the vein behind, 
and the lumbosacral trunk still more posterior. 

The operation is similar to the one de- 
scribed for ligation of the common iliac ar- 
tery. 


Ligation of the External Iliac Artery. The in- 
dications for this operation are usually femoral 
aneurysm, and hemorrhage from the femoral 
artery or its branches. 

The collateral circulation takes place in the 
following way: 
l. Branches of the internal iliac artery above 
anastomose with branches of the external iliac 
artery below. 
2. Arteries of the anterior abdominal wall 
above anastomose with branches of the infe- 
rior epigastric artery below; the femoral, the 
superficial epigastric, the circumflex iliac and 
the external pudendal vessels also anastomose 
with the anterior abdominal wall vessels 
above. 

This operation may be done either through 


inguinal ligament. (B) The peritoneum is pushed 
forward and medially, and the vessel is isolated. 


a transperitoneal or an extraperitoneal route. 

The transperitoneal operation is conducted 
through a vertical low rectus incision with the 
patient in high Trendelenburg position. The 
intestines are packed off, and the peritoneum 
overlying the vessel is incised; the ligature is 
passed preferably from within outward so that 
the ureter which crosses the artery near its 
origin can be avoided. The vein is located to 
the medial side of the artery. On the left side, 
the mesocolon overlies the artery. 

The extraperitoneal operation is done 
through a similar incision described above for 
exposure of the common or the internal iliac 
artery. When the peritoneum is reached, it 
is wiped medially until the artery is exposed. 
The femoral nerve lies lateral, the external 
spermatic branch of the genitofemoral nerve 
anterior, and the vein posterior to the artery 
above but medial to it below. 

A recent report by Gorey and co-workers 
records 14 cases of iliac ligations in renal trans- 
plant patients. 

No patient suffered limb loss and only 3 had 
elective reconstructive surgery for claudica- 
tion. As a result of these experiences, the au- 
thors conclude that iliac artery ligations with- 
out immediate revascularization may be done 
to control hemorrhage with little danger of 
gangrene. Therefore we must reconsider the 
question: Does ligation of the iliac artery re- 
sult in ischemic sequelae to the involved leg? 
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Nerves 


Superior Hypogastric Plexus. The autonomic 
nerves below the bifurcation of the aorta, 
where the intermesenteric nerves join to form 
the superior hypogastric plexus, is known to 
the surgeon as the presacral nerve (Fig. 540). 
This plexus or nerve supplies the bladder, the 
rectum and the internal genitalia, except the 
ovary and part of the fallopian tube. 

As these fibers pass caudally they diverge 
and form the bilateral inferior hypogastric 
plexus (hypogastric nerve). Between the supe- 
rior and the inferior plexuses, a rather incon- 
stant, middle hypogastric plexus may be pres- 
ent in front of the promontory of the sacrum. 
The inferior hypogastric plexus fibers pass 
downward and laterad, then forward over the 
lateral surface of the ampulla of the rectum 
to join the pelvic plexus (Frankenhauser). The 
nervi erigentes also add other fibers to the 
pelvic plexus. The plexus is quite large and 
supplies the rectum, the anal canal, the uterus, 
the vagina, the urethra and the urinary blad- 
der. In the lower lumbar and upper sacral 
areas, the 3 hypogastric plexuses are situated 
deep in the retroperitoneal connective tissue. 
The autonomic nerve trunk of the superior 
and the middle hypogastric plexuses is located 
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a little to the left of the midline. This is an 
important relationship in the operation of pre- 
sacral neurectomy. The autonomic fibers 
which supply the ovary are not derived from 
the sacral ganglion nerves but arise from the 
renal and the aortic plexuses. They accom- 
pany the ovarian vessels as they pass in the 
suspensory ligament of the ovary. 

The muscles which form the walls and the 
floor of the pelvis minor receive their innerva- 
tion from the ventral divisions of the last lum- 
bar nerve and the sacral nerves. 


Sacral Plexus. This plexus is formed by L 4 
and 5 and S 1, 2, 3 and 4 (Fig. 541). The portion 
of L 4 which does not join the lumbar plexus 
runs downward medial to the psoas muscle 
to join L 5, thus forming the lumbosacral cord 
or trunk. This nerve is joined by S 1, and the 
resulting broad nerve cord is further joined 
by S 2 and part of S 3. It lies in front of the 
piriformis muscle and behind the parietal pel- 
vic fascia. The piriformis muscle separates the 
sacral plexus from the lateral part of the sac- 
rum. Anteriorly, it is covered by the parietal 
pelvic fascia, which separates it from the inter- 
nal iliac (hypogastric) vessels above and from 
their lateral sacral, the inferior gluteal and the 
internal pudendal branches below. Still more 
anteriorly, the rectum is related to the lower 


Fig. 540. The superior hypogastric plexus (presacral nerve). 
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Fig. 541. The sacral plexus: (A) seen from in front; (B) seen from behind; (C) relations to musculature. 


part of the plexus. The branches of the plexus 
are the following: 

l. The superior gluteal nerve (L 4, 5 and S 
1) passes backward above the piriformis into 
the gluteal region; it supplies the gluteus me- 
dius and minimus and the tensor fasciae latae 
muscles. 

2. The inferior gluteal nerve (L 5 and S 1, 
2) passes backward below the piriformis and 
supplies the gluteus maximus muscle. 

3. The nerve to the quadratus femoris (L 4, 
Ə and S 1) enters the gluteal region below 
the piriformis. 

4. The nerve to the obturator internus (L 
ö and S 1, 2) travels in company with the inter- 


nal pudendal vessels and enters the gluteal 
region below the piriformis muscle. 

o. The posterior cutaneous nerve of the 
thigh (S 1, 2, 3) passes below the piriformis 
muscle and enters the gluteal region behind 
the sciatic nerve. 

6. The sciatic nerve (L 4, 5 and S 1, 2, 3) 
constitutes the continuation of the nerve cord 
which has been formed within the pelvis. It 
leaves the pelvis through the lower part of 
the greater sciatic foramen. 

7. The pudendal nerve (S 2, 3, 4) is accompa- 
nied by the internal pudendal vessels and the 
nerve to the obturator internus (Fig. 542). It 
passes through the greater sciatic foramen be- 
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Fig. 542. The pudendal nerve. 


tween the piriformis and the coccygeus mus- 
cles to gain entrance to the ischiorectal fossa. 
It divides into 3 branches: (1) the inferior 
hemorrhoidal nerve, (2) the perineal nerve 
and (3) the dorsal nerve of the penis (clitoris). 

8. The nerve to the piriformis (S 2, 3) is a 
branch of the plexus. 

9. The pelvic splanchnics (S 2, 3, 4) form a 

group which runs forward on the levator ani 
muscle and joins the branches of the pelvic 
plexus on the walls of the pelvic viscera. Small 
ganglia are situated at the points of this junc- 
tion; they are distributed to the pelvic viscera 
and constitute the sacral part of the parasym- 
pathetic system. 
10. The perforating cutaneous nerve (S 2, 3) 
runs between the adjoining borders of the coc- 
cygeus and the levator ani muscles and sup- 
plies the skin of the lower and the medial parts 
of the buttock. 


Coccygeal Plexus. This plexus is formed by 
part of S 4 and the whole of S 5 plus the coccy- 
geal nerve. It lies on the pelvic surface of the 
coccygeus muscle and supplies muscular 
branches to the levator ani, the coccygeus and 
the external sphincter ani. After being joined 
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by S 5, the coccygeal nerve pierces the coccy- 
geus muscle and supplies the skin in the neigh- 
borhood of the coccyx. 


Lumbar Sympathetic Chain 


After a rather thorough study of the anatomy 
of the lumbar sympathetics, Yaeger and Cow- 
ley have come to the conclusion that this chain 
is the most variable portion of the entire sym- 
pathetic system and one of the most variable 
structures in the human body (Fig. 543). With 
this in mind, one should not look upon the 
lumbar sympathetic chain as it is usually pre- 
sented in diagrams, namely, as a ganglion rest- 
ing on the body of each of the first 4 lumbar 
vertebrae on the right and the left sides. In 
1937, Livingston stated that the variations in 
this structure are so common that it is ridicu- 
lous to state that given ganglia were removed. 
Atlas stated that the fusion of the lumbar sym- 
pathetic tissue is so erratic that it is impossible 
to designate lumbar ganglia on a numerical 
basis. Yaeger and Cowley made a series of 19 
anatomic studies. They could not find a sympa- 
thetic ganglion on the first lumbar vertebra 
on the right side in 9 instances nor on the 
left side in 6 instances; in 4 other instances 
a ganglion could not be found on either side 
of the lst lumbar vertebra. They further re- 
ported that the number of lumbar ganglia 
ranged from 2 to 5, the average on each side 
being 3. The rami to a ganglion varied from 
2 to 7; no two chains were similar in their 
entire series, and no pattern of variation could 
be established. The direction of the rami var- 
ied from cephalad to transverse to caudad. 
Therefore, it is to be concluded that the iden- 
tification of a specific ganglion is unreliable 
according to the direction of its rami. The 
most constant and largest of the lumbar gan- 
glia and hence the most easily identified even 
by palpation was found to be associated with 
the 2nd lumbar vertebra, usually at its lower 
end. If a ganglion is present at the lst lumbar 
vertebra, it usually is not seen because it is 
covered by the medial lumbocostal arch. The 
sympathetic tissue overlying the 4th lumbar 
vertebra usually is obscured by the common 
iliac vessels. 


Nerves 





Fig. 543. The lumbar sympathetic nervous system 
(after Yaeger and Cowley). This has been shown 
to be one of the most variable portions of the sym- 
pathetic nervous system in the human body. (A) 
Four ganglia rather symmetrically placed on both 
sides in corresponding positions to the lumbar 
vertebrae. This is usually described as the typical 
arrangement but has been found to be the most 


Surgical Considerations 


Lumbar Sympathetic Block 


This procedure has become quite popular in 
the treatment of thromboembolic phenomena 
of the inferior extremities. Oschner and De- 
Bakey have done much to popularize and 
standardize it. The procedure may be per- 
formed either in the lateral decubitus or with 
the patient in the prone position. Intracutane- 
ous wheals are made approximately 2 fingers- 
breadth lateral to the spinous processes of the 
lst, the 2nd, the 3rd and the 4th lumbar verte- 
brae (Fig. 544). A needle is inserted vertically 
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atypical. (B) No ganglia are noted on either side 
of L 1 and almost all of L 2. Three ganglia appear 
on either side. (C) No ganglia appear overlying L 
1 on either side or below the level of L 3 on the 
left. (D) The rami radiate in all directions, and there 
are intercommunications between the right and 
the left trunks. 


through each wheal until it reaches the tran- 
sverse process of the corresponding vertebra. 
Then the direction of the needle is changed, 
either superiorly or inferiorly and toward the 
midline. The needle can be advanced another 
2 fingersbreadth so that its point comes to lie 
against the lateral surface of the body of the 
vertebra in the retroperitoneal space. Usually 
l percent procaine solution is injected. 


Lumbar Sympathectomy 


This operation has been recommended for va- 
sospastic conditions of the lower extremities, 
for megacolon, hyperhidrosis and chronic ul- 
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Fig. 544. Lumbar sympathetic block. Diagram- 
matic presentation of the injection of the lumbar 
sympathetic chain. The arrow indicates the change 


cers; it may be done either extraperitoneally 
or transperitoneally. 


Retroperitoneal Approach. This approach 
can be accomplished through one of many 
skin incisions. A commonly used incision be- 
gins at the lower border of the 12th rib at 


I ncision 
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in direction of the needle after it comes into contact 
with the left transverse process. 


the outer edge of the sacrospinalis group of 
muscles and extends downward parallel with 
the muscles to the crest of the ilium. It then 
curves forward along the brim of the pelvis 
for about 5 or 6 inches (Fig. 545 A). The lum- 
bodorsal fascia is divided, and the oblique and 
the transverse abdominal muscles are sepa- 
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Fig. 545. Lumbar sympathectomy (retroperitoneal has been retracted forward, and the lumbar sympa- 


approach). (A) The incision extends from the 12th 


thetic chain is found in a gutter formed by the 


rib to the brim of the pelvis. (B) The peritoneum psoas muscle and the lumbar vertebrae. 
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Fig. 546. Lumbar sympathectomy (transperitoneal 
approach). (A) Exposure through a low rectus inci- 
sion. (B) Incision into the posterior parietal perito- 
neum lateral to the inferior vena cava for exposure 


rated from the sacrospinalis and the quadratus 
lumborum muscles. Between the peritoneum 
and the transversalis fascia, the iliohypogastric 
and the ilioinguinal nerves usually are identi- 
fied and protected. The abdominal muscles 
are cut along the iliac crest. The peritoneum 
is separated from the quadratus lumborum 
and the iliopsoas muscles by blunt dissection; 
the ureter is identified, and the peritoneum 
and the overlying viscera are retracted toward 





of the right lumbar sympathetic chain. (C) Incision 
into the posterior parietal peritoneum placed lat- 
eral to the sigmoid for exposure of the left lumbar 
sympathetic chain. 


the midline (Fig. 545 B). The removal of the 
2nd, the 3rd and the 4th lumbar ganglia with 
their connecting trunks is similar to that de- 
scribed in the next paragraph. 


Transperitoneal Approach. This approach 
utilizes a lower rectus incision; the patient is 
placed in the Trendelenburg position, and the 
intestines are packed into the upper abdomen 
(Fig. 546 A). The lateral peritoneal attachment 


634 





Fig. 547. Presacral neurectomy. (A) Incision. (B) 
An incision has been placed into the posterior pari- 
etal peritoneum at the bifurcation of the aorta. The 
nerves are severed and dissected downward. 


is incised on the left, and the sigmoid, with 
its mesentery, is reflected toward the midline 
(Fig. 546 C). This exposes the left sympathetic 
chain; the ureter, the aorta and the left com- 
mon iliac artery are identified and protected. 
The genitofemoral nerve usually is seen ex- 
tending obliquely downward over the psoas 
muscle. The ganglia lie just beneath the edge 
of the aorta in the gutter between the psoas 
muscle and the vertebrae. The approach to 
the right lumbar ganglionated chain is similar 
to that on the left, but the incision is made 
lateral to the inferior vena cava and continues 


Fig. 548. Panhysterectomy. (A) A long midline in- 
cision extends to the left and above the umbilicus. 
(B) The vesico-uterine peritoneum is incised trans- 
versely. The round ligaments may or may not be 
grasped with the fallopian tubes and the utero-ova- 
rian ligaments. The finger has perforated an avascu- 
lar area in the left broad ligament. (C) The uterine 
vessels are clamped and cut; this permits down- 
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downward over the right common iliac vein 
and into the pelvis (Fig. 546 B). The small 
intestines, the cecum, the ascending colon and 
the ureter are retracted to the right. The 
nerve trunk on this side bears the same rela- 
tion to the vena cava and the common iliac 
vein that it bears to the aorta and the common 
iliac artery on the left. The vena cava is re- 
tracted to the left. Lumbar veins overlying 
or beneath the sympathetic trunk may be in- 
jured during exposure and obscure the field. 
To dissect the chain it is best first to locate 
the 4th lumbar ganglion. It lies beneath the 
margin of the left common iliac artery and 
near the aortic bifurcation. It is grasped with 
a hemostat and freed from the surrounding 
areolar tissue and sympathetic rami. The 
trunk is dissected and severed above the 2nd 
lumbar ganglion. The connecting sympathetic 
trunk is removed with the ganglia. 


Presacral (Superior Hypogastric) 
Neurectomy 


This operation has been done for intractable 
pain in the uterus, the bladder or the rectum, 
and for the relief of spasms of the bladder 
resulting from spinal cord disease or injury. 
Removal of the presacral nerves usually causes 
the loss of power of ejaculation, but the pow- 
ers of erection and orgasm is not impaired. 

The operation is done through a lowrectus 
incision (Fig. 547 A). The intestines are packed 
upward, and the bifurcation of the aorta is 
sought. The posterior peritoneum is incised 
above the aortic bifurcation, and the perito- 
neal margins are carefully dissected laterally 
and retracted (Fig. 547 B). The superior 
hemorrhoidal vessels (inferior mesenteric), if 


ward displacement of the ureter. (D) The bladder 
is separated from the cervix by blunt dissection. 
(E) The anterior and the posterior dissections are 
completed below the cervix. (F) Amputation across 
the vaginal vault is done as close to the cervix as 
possible. (G) Closure of the vaginal vault with appo- 
sition to it of the round and the utero-ovarian liga- 
ments. 


Surgical Considerations: Uterus and Adnexa 
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visible, usually are retracted to the left, and 
the presacral nerves are exposed where they 
lie in the loose connective tissue in this area. 
The hollow of the sacrum, between the com- 
mon iliac arteries, lodges the continuation of 
these nerves. At times it may be necessary 
to ligate the middle sacral artery. The left 
common iliac vein lies medial to the artery 
and should be protected during this entire 
procedure; as a rule, the right ureter is ex- 
posed. The nerves are picked up as they cross 
the aortic bifurcation and are freed down- 
ward. The communicating rami are severed, 
and the entire plexus is removed. All primary 
fibers should be severed. The peritoneal inci- 
sion is closed, and the operation is concluded. 


Surgical Considerations: Uterus 
and Adnexa 


Panhysterectomy 


A low midline incision is made, and the round 
ligaments are severed on both sides about 1 
inch away from the cornual end of the uterus 
(Fig: 548); these severed ends are ligated. This 
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step opens the broad ligaments so that an an- 
terior vesical flap of peritoneum can be 
formed. If the adnexae are to remain, an avas- 
cular area is found in the broad ligament close 
to the uterus; this is entered with either a 
curved hemostat or the finger. Clamps are ap- 
plied to the tube and the ovarian ligament 
adjacent to the uterus. These structures are 
cut between clamps, and the clamps are re- 
placed by transfixion sutures. If one desires 
to remove the tube or the ovary, the end of 
the tube is grasped and reflected medially. 
Clamps are applied to the infundibulopelvic 
ligament, and an incision is made between 
these; they also are replaced by transfixion su- 
tures. The uterine vessels are clamped and 
severed at approximately the corpocervical 
junction. 

After this step, the operator examines the 
region of the cervix to determine the length 
of the cervix and the position of the bladder. 
The latter is pushed downward, usually by 
gauze dissection. This is continued downward 
and forward until the thumb and the index 
finger can compress the vaginal wall below 
the cervix. The peritoneum on the posterior 
cervical wall is incised and dissected down- 
ward until the cervix can be palpated through 





Fig. 549. Salpingectomy. 


Surgical Considerations: Uterus and Adnexa 
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pelvic lig. 
Fig. 550. Salpingo-oophorectomy. 


the vaginal vault. The vagina is entered, and 
the vaginal vault is divided as close to the cer- 
vix as possible. After freeing the cervix from 
the vagina, the anterior and the posterior vagi- 
nal walls are approximated. During the clo- 
sure, the round ligaments, the tubes and the 
utero-ovarian ligaments are anchored to the 
angles of the vaginal vault. All raw surfaces 
are carefully peritonized. 
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Salpingectomy and Salpingo- 
oophorectomy 


Removal of the Fallopian tubes and the ova- 
ries usually is done for inflammatory involve- 
ment, cysts, neoplasms, ectopic pregnancies, 
and so on. 


Salpingectomy. After exposing the tube, 
clamps are applied to the outer margin of the 
mesosalpinx (Fig. 549). It is important that 
these clamps be placed as close to the tube 
as possible so that the vascular supply of the 
ovary is not interfered with. The mesosalpinx 
is cut, and the uterine cornu is excised. The 
latter is closed, and the hemostats on the me- 
sosalpinx are ligated. Peritonization is accom- 
plished by suturing the posterior leaf of the 
broad ligament to the posterior surface of the 
uterus. 


Salpingo-oophorectomy. When both the 
tubes and the ovary are to be removed, the 
clamps are applied to the infundibulopelvic 
ligament, which contains the ovarian vessels 
(Fig. 550). The remainder of the procedure 
is the same as that described for salpingec- 
tomy. 


SECTION 6 MALE PERINEUM AND EXTERNAL 
GENITALIA 


Chapter 34 


Male Perineum 


Embryology 


In the embryo, the endodermal alimentary 
tract ends as a blind receptacle called the 
cloaca; this has an anterior diverticulum called 
the allantois (urachus). The mesonephric duct 
(adult vas deferens) grows caudally and opens 
into the anterior part of the cloaca (Fig. 551). 
The ureter develops as an outpouching of the 
mesonephric duct, the two for a period ending 
in one terminal duct. This common duct sub- 
sequently is absorbed into the wall of the blad- 
der and the prostatic urethra, with the result 
that the ureter and the vas deferens eventu- 
ally have separate openings. A mesodermal 
septum (urorectal septum) divides the cloaca 
into an anterior, urogenital part and a poste- 
rior, intestinal part. The cloaca has a sphincter, 
also divided into an anterior portion, which 
becomes the superficial transversus perineus, 
the bulbospongiosus, the ischiocavernosus and 
the urogenital diaphragm; the posterior part 
of the sphincter becomes the external sphinc- 
ter ani. One nerve, the pudendal, supplies the 
cloacal sphincter as well as the skin of the 
region around it; its accompanying artery, the 
pudendal, nourishes this region. The bladder 
and the rectum receive their nerve supply 
through the pelvic splanchnic nerve and the 
hypogastric plexus. 

The perineum is a lozenge-shaped space 
which is bounded by the pubic symphysis, the 
rami of the pubes and the ischia, the ischial 
tuberosities, the great sacrotuberous ligament, 
the edges of the great gluteal muscles and 
the coccyx (Fig. 552). If a transverse line is 
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drawn across the space between the anterior 
extremities of the ischial tuberosities, directly 
in front of the anus, it divides the perineum 
into 2 parts. The anterior part forms a nearly 
equilateral triangle which measures approxi- 
mately 3% inches on all sides and is known 
as the anterior or the urogenital triangle. The 
posterior part is also somewhat triangular; it 
contains the rectum and the ischiorectal fossae 
and is called the anal triangle. The bony 
framework of the perineum may be felt more 
or less distinctly, and in thin subjects the sacro- 
tuberous ligament may even be made out be- 
neath the gluteus maximus muscle. The super- 
ficial areas of the perineum depend on the 
posture of the body. When the thighs are 
brought together, it is very limited and then 
is represented only by a narrow groove which 
contains the anus and the roots of the scrotum 


Fig. 551. Embryology of the male urogenital sys- 
tem. (A) An early stage; a cloaca is present. (B) A 
later stage; the cloaca has been divided by the uro- 
rectal septum. 


Urogenital Triangle 





Fig. 552. The male perineum. 


and the penis. The region is wider in the fe- 
male because of the greater size of the pelvic 
outlet. In the midline of the perineum a cuta- 
neous ridge, the median raphe, can be fol- 
lowed from the front of the anus forward over 
the scrotum and along the lower surface of 
the penis. This raphe marks that line along 
which the floor of the urethra was completed 
and where the 2 halves of the scrotum fused 
during their development. 


Urogenital Triangle 


This is the anterior triangle of the perineum 
or the genitourinary part. It is bounded in 
front by the pubic symphysis, on the sides by 
the rami of the pubis and the ischium, and 
posteriorly by a line drawn between the ante- 
rior parts of the ischial tuberosities. 

The superficial fascia consists of 2 layers: 
an outer fatty layer and an inner membranous 
layer. The superficial fatty layer of the super- 
ficial fascia is continuous with the superficial 
fat of the rest of the body and contains small 
cutaneous vessels and nerves. The farther 
downward this layer is traced the scarcer be- 
comes the fat, so that over the scrotum the 
fat entirely disappears and gives place to a 
thin layer of involuntary muscle fibers. These 
constitute the dartos muscle and are responsi- 
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ble for the rugosity of the scrotal skin which 
is caused by their contraction. The deep layer 
of superficial fascia is not fatty but membra- 
nous and is continuous with a similar layer 
of fascia in the lower part of the anterior ab- 
dominal wall. In the anterior abdominal wall 
it is called Scarpa’s fascia but changes its name 
in the perineum to the fascia of Colles; it is 
found only over the urogenital triangle (Fig. 
553). Its attachments are to the fascia lata, the 
pubic arch and the base of the perineal mem- 
brane. It is prolonged over the penis and the 
scrotum and so forms a covering for the testis 
and the spermatic cord. 

The arrangements and the attachments of 
this fascia are important because they deter- 
mine the direction in which extravasated 
urine will spread after rupture of the cavern- 
ous portion of the urethra. The fascia has a 
median septum which attaches to the perineal 
muscles, but this septum is not complete, and 
fluid may pass through it from side to side. 
Urine under Colles’ fascia following rupture 
of the urethra may extend downward as far 
as the lower border of the urogenital dia- 
phragm because at this point it fuses with the 
base of the diaphragm. Laterally, it may ex- 
tend through the median septum as far as the 
attachment of the fascia to the conjoined is- 
chiopubic rami; upward, it may extend over 
the scrotum and the penis and onto the ante- 
rior abdominal wall. Once the fluid has 





Fig. 553. Colles’ fascia. This fascia is the deep layer 
of superficial fascia; on the anterior abdominal wall 
it is called Scarpa’s fascia. This fascia determines 
the direction of spread of extravasated urine. 
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Fig. 554. The superficial and the deep perineal 
pouches. 


reached the anterior abdominal wall it can 
extend downward and over the inguinal liga- 
ment until it is held up by the attachment 
of Scarpa’s fascia to the fascia lata approxi- 
mately 1 inch below and parallel with the in- 
guinal ligament. 


The Superficial Perineal Pouch 


The superficial perineal pouch is a compart- 
ment in the urogenital part of the perineum 
which is bounded inferiorly (a floor) by Colles’ 
fascia and superiorly (a roof) by the urogenital 
diaphragm (perineal membrane) (Fig. 554). 
The pouch is closed behind by the fusion of 
its roof and floor, and on each side by the 
attachments of the walls to the margins of the 
pubic arch. Above, however, it remains open 
and communicates with the cellular interval 
which is situated between Scarpa’s fascia and 
the anterior rectus sheath. Should the urethra 
rupture into this space, it would fill the poste- 
rior part of the pouch and then spread into 
the scrotum and the penis and, if allowed to 
continue, would ascend in front of the sym- 
physis pubis and so reach the anterior abdomi- 
nal wall. 

The contents of the superficial perineal 
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compartment consist of the roots or fixed por- 
tions of the corpora cavernosa of the penis 
and the urethra, their overlying ischiocaver- 
nosus and bulbocavernosus muscles, the su- 
perficial transverse perineal muscles and 
those branches of the internal pudendal ves- 
sels and nerves which pierce the inferior fascia 
of the urogenital diaphragm to reach this 
space. 

The 2 roots of the corpora cavernosa of the 
penis arise from the midportion of the ischio- 
pubic rami, run obliquely upward and forward 
and adhere to the periosteum of the descend- 
ing rami of the pubes and to the inferior sur- 
face of the urogenital diaphragm (p. 641). 
Each cavernous body is covered by the ischio- 
cavernosus muscle. 


Superficial Perineal Muscles. On each side, 
the following 3 superficial perineal muscles 
lie in the superficial perineal pouch (Fig. 555). 
l. The superficial transverse perineal muscle 
lies at the base of the pouch and extends from 
the ischial tuberosity to the central point of 
the perineum. The 2 transverse muscles act 
together to steady the perineal body during 
defecation and to fix it during contractions 
of the external sphincter and the bulbospon- 
giosus. 

2. The ischiocavernosus muscle is applied to 
the crus and arises close to the superficial trans- 
verse perineal muscle; it covers the free sur- 
face of the crus into which it is inserted anteri- 
orly. The 2 ischiocavernosus muscles compress 
the crura against the pubic arch and so ob- 
struct the venous return of the corpora caver- 
nosa. 

3. The bulbocavernosus (bulbospongiosus) 
muscle arises from the perineal body and from 
a median raphe which separates the 2 halves 
of the muscles on the inferior surface of the 
bulb. Therefore, it is a bilateral structure. The 
most posterior fibers of this muscle pass to 
the perineal membrane, the intermediate fi- 
bers of the 2 sides meet on the dorsum of 
the corpus spongiosum, and the most anterior 
fibers meet on the dorsum of the penis where 
they blend with the fascia of the penis. This 
muscle acts as a sphincter which empties the 
bulb and part of the spongy urethra and also 
compresses the bulb against the perineal 
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Fig. 555. The superficial perineal pouch and its contents. Colles’ fascia has been incised and reflected 


to reveal the contents of this pouch. 


membrane, thereby constricting the corpus 
spongiosum. 

All the superficial perineal muscles are sup- 
plied by the perineal branch of the pudendal 
nerve. The perineum on each side of the cor- 
pus cavernosum urethra is traversed by 
nerves and vessels which are small branches 
of the pudendal trunks. They supply the sur- 
rounding structures in the superficial perineal 
compartment. 


Deep Perineal Pouch (Urogenital 
Diaphragm) 


The urogenital diaphragm is a musculomem- 
branous diaphragm which is stretched tightly 
across the pubic arch and is attached to the 
ischiopubic rami (Figs. 554 and 555 and 556). 
It separates the perineum from the pelvis and 
consists of 2 layers of fascia with 2 muscles 
between them. The 2 fascial layers are the 
superior (upper) and the inferior (lower) lay- 
ers; the 2 muscles are the sphincter urethrae 
membranaceae and the deep transverse peri- 
neal. The space which is created by these 2 


layers of fascia and is filled by the 2 muscles 
is known as the deep perineal pouch or com- 
partment. 

The inferior fascial layer of the urogenital 
diaphragm also has been referred to as the 
superficial layer of the triangular ligament and 
the perineal membrane. It covers the lower 
surface of the sphincter urethrae and the deep 
transverse perineal muscle. Its lower surface 
is largely covered by the root of the penis, 
and each side is attached to the side of the 
pubic arch. Its posterior border is fused with 
the posterior border of the superior fascia of 
the urogenital diaphragm and the membra- 
nous layer of superficial fascia. 

In the midline, the fused borders are contin- 
uous with a fatty fibromuscular nodule called 
the perineal body. Anteriorly, this fascia pre- 
sents a thickened free margin known as the 
transverse perineal ligament; between this 
ligament and the inferior ligament of the pu- 
bis there is an oval interval through which 
the deep dorsal vein of the penis passes into 
the pelvis to enter the venous network around 
the prostate (Fig. 506). 
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Fig. 556. The deep perineal pouch (urogenital dia- 
phragm): (A) Seen from below. The inferior layer 
of fascia has been retracted, and the muscle has 
been left intact; on the opposite side the deep trans- 


The membrane is pierced by several struc- 
tures which enter the superficial perineal 
pouch: (1) the urethra pierces it in the midline 
about 1 inch below the symphysis pubis; it 
is accompanied on either side by the small 
ducts of the bulbourethral glands opening into 
the spongy portion; (2) the artery to the bulb 
of the penis pierces the membrane a little to 
either side of the urethra; (3) the internal pu- 
dendal artery; (4) the dorsal nerve to the penis 





Fig. 557. The bulbourethral gland (Cowper). The 
gland is situated between the layers of the urogeni- 
tal diaphragm. If the gland suppurates, it may evac- 
uate into the urethra, the perineum or the rectum. 
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verse perineal muscle has also been reflected, ex- 
posing the superior layer of fascia. (B) Frontal sec- 
tion. 


pierces the membrane close to its lateral at- 
tachment and under cover of the anterior part 
of the crus. 

The superior or upper layer of perineal fas- 
cia is derived from the parietal pelvic fascia. 
It is a loose layer of fibrous tissue which covers 
the pelvic surface of the sphincter urethrae 
and the deep transverse perineal muscles. On 
each side it is attached to the obturator fascia. 
The apex of the prostate rests on it, and it is 
continuous with the fascial sheath of that vis- 
cus. The urethra, emerging from the prostate, 
pierces it in the midline. 

The deep perineal muscles are one sheet 
of muscle which is divided into 2 parts, 
namely, a deep transverse perineal and a 
sphincter urethrae (Fig. 564). The sphincter 
urethrae (membranaceae) muscle arises from 
the pubic arch on a level with the urethra. 
As the fibers approach the median plane some 
of them pass behind the membranous part of 
the urethra, and some in front of it; they blend 
with the corresponding fibers of the opposite 
side. The deep transverse perineal muscle is 
the posterior part of the muscle just described. 
It is small and passes below and behind the 
membranous part of the urethra. 

Both muscles are supplied by 2 delicate 
twigs from the perineal nerve. When the 
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Fig. 558. The internal pudendal artery. This artery 
gives rise to the dorsal artery of the penis, the deep 
artery of the penis and the artery to the bulb. The 


sphincter vesicae (internal sphincter) is de- 
stroyed after prostatectomy, the sphincter 
urethrae is the only muscle left but is perfectly 
competent to control urination. 

The deep perineal pouch is that space which 
is enclosed by the superior and the inferior 
fasciae of the urogenital diaphragm. It is sepa- 
rated from the superficial perineal pouch by 
the perineal membrane and from the anterior 
part of the pelvis by the fibrous tissue which 
forms the sheath of the prostate and contrib- 
utes to the formation of the perineal body. 
This pouch contains the (1) two muscles just 
described (sphincter urethrae and the deep 
transverse perineal), (2) the membranous part 
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dorsal nerve of the penis accompanies the internal 
pudendal artery. 


of the urethra, (3) the bulbourethral gland, 
(4) the internal pudendal artery and the artery 
to the bulb of the penis and (5) the dorsal 
nerve of the penis. 

The membranous portion is the shortest 
part of the urethra, being about % inch long, 
and lies about 1 inch below the pubic symphy- 
sis (Fig. 563). It is continuous above with the 
prostatic and below with the spongy urethra. 
The prostatic and the membranous portions 
of the urethra are directed downward and for- 
ward, but the spongy part curves upward and 
forward in the bulb of the penis before it turns 
down in the corpus spongiosum. The membra- 
nous urethra is the least dilatable and the nar- 
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rowest part with the exception of the external 
orifice. If this part of the urethra ruptures 
proximal to a stricture in the cavernous por- 
tion, extravasation of urine results into the 
deep perineal compartment from which an 
exit can be found only through one or the 
other of the fascial sheaths of the urogenital 
diaphragm. If urine breaks through the infe- 
rior fascia, it passes into the superficial peri- 
neal pouch and forward onto the abdomen 
in front of the pubis. However, if the extension 
is through the superior fascia, or if there is 
an extraperitoneal rupture of the bladder, the 
extravasated urine enters the interval above 
the median puboprostatic ligaments and ex- 
tends forward into the retropubic space of 
Retzius. From there it ascends in the anterior 
abdominal wall between the transversalis fas- 
cia and the parietal peritoneum. 

The bulbourethral glands (Cowper) are 2 
small pea-sized bodies which lie posterolateral 
to the membranous urethra and undercover 
of its sphincter muscle (Figs. 557 and 562). 
They are located between the layers of the 
urogenital diaphragm. Their ducts, which are 
about | inch long, pass through the urethral 
openings in the perineal membrane and open 
into the floor of the spongy portion of the 
urethra. Each gland receives a branch of 
the bulbourethral artery. They are involved 
in gonorrheal inflammation of the cavernous 
urethra and may give rise to abscesses which 
can be felt through the rectum. Such suppura- 
tions may evacuate into the urethra, the peri- 
neum or the rectum. 

The internal pudendal artery is a branch 
of the internal iliac artery and passes forward 
from the pudendal canal deep to the inferior 
layer of the urogenital diaphragm (Fig. 558). 
It lies under cover of the pubic arch and has 
the dorsal nerve of the penis to its lateral side. 
In its course it passes through the pelvis, the 
gluteal region and the perineum and is accom- 
panied throughout by its 2 veins. Under cover 
of the anterior part of the crus penis it pierces 
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the inferior layer of the urogenital diaphragm, 
enters the superficial pouch and divides into 
the dorsal artery of the penis and the deep 
artery of the penis. The deep artery of the 
penis pierces the medial side of the crus penis 
and runs forward in the substance of the cor- 
pus cavernosum which it supplies. The dorsal 
artery of the penis runs upward between the 
bone and the commencement of the crus to 
gain the dorsum of the penis. The internal 
pudendal artery gives rise to the artery to the 
bulb; this vessel runs medially on the surface 
of the deep transverse perineal muscle, 
pierces the perineal membrane and ends in 
the bulb. It supplies a small twig to the bulbo- 
urethral gland. It pierces the perineal mem- 
brane, enters the bulb of the penis and runs 
onward through the whole length of the cor- 
pus spongiosum, supplying its substance. 

The dorsal nerve of the penis arises from 
the pudendal nerve in the pudendal canal 
(Fig. 558). It accompanies the internal puden- 
dal and the dorsal arteries, which lie to its 
medial side, and supplies the corpus caverno- 
sum penis, the glans and the skin of the penis. 

The anterior prolongation of the ischiorec- 
tal fossa is the deepest space in the anterior 
perineum. It runs forward toward the pubes, 
between the superior fascia of the urogenital 
diaphragm, the anterior portion of the levator 
ani, and the mesial surface of the obturator 
internus muscle (p. 572). 

The central point of the perineum is 
marked by a fibromuscular node lying be- 
tween the anorectal junction and the apex of 
the sphincters, and the bulbocavernosus mus- 
cle (Fig. 555). It is also a point of insertion 
for the rectourethral and the superficial trans- 
verse perineal muscles and for the levator 
fibers which are associated with the support 
of the prostate (Fig. 555). This point is an ex- 
cellent guide, since it unites the urogenital 
diaphragm and the anus with their substratum 
of levators. It affords the proper perineal ap- 
proach to the deeper pelvic structures. 


SECTION 6 MALE PERINEUM AND EXTERNAL 
GENITALIA 


Chapter 35 


External Genitalia 


Penis 


The penis has a posterior fixed part or root 
and an anterior mobile portion called the 
body. It is composed of 3 fibroelastic cylinders 
which are filled with spongy or erectile tissue. 
These cylinderlike masses are the right and 
the left corpora cavernosa and the corpus 
spongiosum (urethrae) (Fig. 558). 


Corpora Cavernosa. The 2 roots of the cor- 
pora cavernosa of the penis arise from the 
midportion of the ischiopubic rami, pass 
obliquely upward and forward, hugging the 
periosteum of the descending rami of the 
pubes and the inferior surface of the urogeni- 
tal diaphragm. Each is covered by the ischio- 
cavernosus muscle. The corpora are united, 
side by side, in the body of the penis, but at 
its root they are separate and assume the 
name of crura, each of which tapers to a point 
posteriorly. The corpus spongiosum, which is 
much more slender, lies along the lower sur- 
face of the united corpora cavernosa and is 
traversed lengthwise by the longest of the 3 
divisions of the urethra. Anteriorly, at the end 
of the penis, it enlarges to form the glans of 
the penis, in which the anterior ends of the 
corpora cavernosa are embedded. 


Body. The body of the penis is formed by 
the union of all the cavernous masses; it begins 
at the apex of the urogenital diaphragm and 
is attached to it by connective tissue bands. 
The corpora cavernosa lie side by side on the 
dorsum, and the corpus spongiosum lies ven- 
trally. The corpus spongiosum terminates pos- 


teriorly in a large, free bulbous sac known as 
the bulb of the urethra (Fig. 564). This latter 
structure overlaps the junction of the mem- 
branous and the cavernous divisions of the 
urethra posteriorly. 


Superficial Structures 


Prepuce. The skin of the penis is continued 
forward as the prepuce (foreskin) ( Fig. 559). 
The skin is devoid of hair, and the fascia is 
devoid of fat. The prepuce is a fairly dense 
portion of skin which forms a cuff or hood 
covering the glans. Within the cavity of the 
prepuce the modified skin contains sebaceous 
glands which secrete smegma. 


Frenulum. On the under aspect of the glans 
a well-defined fold of skin called the frenulum 
passes forward and is attached to the prepuce. 
The subcutaneous tissue of the penis, a contin- 
uation of Colles’ fascia, is very loose in texture 
and is traversed by the superficial dorsal vein. 
The looseness of these tissues gives mobility 
to the penis and explains the ease with which 
blood or urine may extravasate, producing tre- 
mendous swellings of the organ. The superfi- 
cial lymphatics accompany the superficial dor- 
sal vein and enter the subinguinal lymph 
nodes. These become involved in infections 
about the prepuce and the glans. 


Internal Structures 


Buck’s Fascia. Beneath the subcutaneous 
layer, the penis is invested by a thin fibrous 
membrane known as the fascia of the penis 
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Fig. 559. The superficial structures of the penis. 
The penis has 3 superficial encircling coats: the 
skin, the loose areolar subcutaneous tissue and the 


(Buck’s fascia). This fascia envelops the body 
of the penis and the corona of the glans to 
the root of the penis. It is adherent on each 
side in the groove between the corpora caver- 
nosa and the corpus spongiosum. 


Suspensory Ligament of the Penis. A thick- 
ened, triangular, fibroelastic band, the suspen- 
sory ligament of the penis is fixed above to 
the lower part of the linea alba and the upper 
part of the symphysis pubis; below, it splits 
to form a sling for the penis at the junction 
of its fixed and mobile parts where it blends 
with the fascia of the penis. 


Deep Dorsal Nerve, Arteries, Veins and 
Lymph Vessels. These structures run be- 
neath Buck’s fascia and along the dorsum of 
the penis. Encircling branches of the veins 
drain the corpora cavernosa and the corpus 
spongiosum, and encircling arteries send 
twigs to the same structures. 


Deep Dorsal Vein. This vein passes between 
the intrapubic ligament and the urogenital 
diaphragm to the prostatic venous plexus. On 
the dorsum of the penis a pair of dorsal nerves 
pass lengthwise beneath the deep fascia; be- 
tween these there is a pair of dorsal arteries, 
and between these the deep dorsal vein lies 
in the median plane (Figs. 558 and 559). 


Superficial Dorsal Vein. This vein, also me- 
dian, lies in the superficial fascia and is the 
one which is seen through the skin. It should 
be noted that the veins are not left and right, 
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fascia of the penis (Buck’s). These have been re- 
flected in the drawing. 


as are the arteries and the nerves, but are 
median, either superficial or deep. 

The superficial dorsal vein receives tributar- 
ies from the skin and the prepuce and termi- 
nates posteriorly by dividing into right and 
left branches which drain into the external 
pudendal veins in the thigh (Fig. 560). The 
deep dorsal vein begins by the union of several 
twigs from the glans and the prepuce. It runs 
backward in the median line, passes between 
the 2 layers of the suspensory ligament and 
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Fig. 560. The venous drainage of the penis. (A) 
Lateral view of the relations between the superfi- 
cial and the deep dorsal veins. (B) Cross section 
showing relations of vessels to the fasciae. 


Penis 


enters the pelvis after passing below the infe- 
rior pubic ligament. It ends by joining the ve- 
nous plexus which surrounds the prostate. 


Dorsal Arteries. The dorsal arteries of the 
penis are the terminal branches of the internal 
pudendal artery. They pass forward in the in- 
terval between the corpora cavernosa and 
reach the dorsum of the penis. Here the 2 
arteries lie one on each side of the deep dorsal 
vein (Fig. 558). The dorsal nerve lies lateral 
to the artery; both vessels and nerves are en- 
closed between the 2 layers of the suspensory 
ligament of the penis. These vessels supply 
the body of the penis and terminate in the 
glans. The deep artery of the penis pierces 
the medial aspect of the anterior part of the 
crus and runs forward in the corpus caverno- 
sum penis. 


Dorsal Nerve. Each dorsal nerve of the penis 
is a terminal branch of the pudendal nerve. 
It supplies branches to the corpus caverno- 
sum, the glans and the skin of the penis. 


Tunica Albuginea. Each erectile body is sur- 
rounded by a distensible elastic fibrous tissue 
called the tunica albuginea, the trabeculae of 
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which surround blood spaces (Fig. 561). 
Where the corpora are applied against each 
other, the albuginea forms a median partition 
called the septum of the penis. It is difficult 
at times to differentiate or separate Buck’s fas- 
cia from the tunica albuginea. 


Urethra 


The urethra is a fibroelastic structure that 
measures about 8 inches in length and is di- 
vided by the superior and the inferior fasciae 
of the urogenital diaphragm into 3 parts: pros- 
tatic, membranous and spongy (Fig. 562). The 
part above the superior fascia travels through 
the prostate, the part between the 2 urogeni- 
tal diaphragm fasciae constitutes part 2, and 
the part beyond the inferior fascia (perineal 
membrane) traverses the corpus spongiosum. 


Prostatic Urethra. The prostatic urethra is the 
widest and most dilatable portion of the 
urethra and travels almost perpendicularly; 
it is about an inch in length. On transverse 
section it appears crescentic because of the 
presence of a prominent vertical ridge on its 
posterior wall, the urethral crest (Fig. 563). 
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Fig. 561. The tunica albuginea and Buck’s fascia: (A) cross section; (B) relations to the urogenital dia- 


phragm; (C) sagittal view. 
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Fig. 562. The male urethra. The urethra is divided into prostatic, membranous and penile parts. The 


relations of each part are shown in sagittal section. 


The gutter to each side of this crest is known 
as the prostatic sinus. The urethral crest rises 
to a summit, the colliculus, and bifurcates be- 
low as it disappears. Opening onto the collicu- 
lus is a diverticulum called the prostatic utri- 
cle, through which a probe can be passed for 
about % inch into the substance of the pros- 
tate. On its lips open the much finer orifices 
of the ejaculatory ducts. Onto the floor of each 
prostatic sinus the prostatic ducts appear as 
several dozen small openings. 


Membranous Urethra. The membranous ure- 
thra passes through the urogenital dia- 
phragm and its 2 fasciae. It is approximately 
W% inch long and has no surrounding tissue 
proper. Behind it on each side lie the bulbo- 
urethral glands of Cowper. The circular fibers 
of the diaphragm, called the sphincter ureth- 
rae (compressor urethrae), have been referred 
to as the “cut-off” or “shut-off? muscle; it has 
a sphincter-like action and is a voluntary mus- 
cle supplied by the perineal branch of the in- 
ternal pudendal nerve. Like the sphincter ani, 
also supplied by the pudendal nerve, it is in 
constant contraction. 


Spongy, Penile or Cavernous Urethra. The 
spongy, penile or cavernous urethra traverses 
the bulb, the body and the glans of the corpus 
spongiosum penis. It is the longest portion of 
the urethra and extends from the inferior 
layer of fascia of the urogenital diaphragm to 
the external meatus. After piercing the uro- 
genital diaphragm it enters the bulb about 1 
cm. in front of its rounded posterior extremity 
(Fig. 561). In its passage it lies nearer the dor- 
sal aspect. Its lumen is dilated both in the bulb 
and in the glans, the latter dilatation being 
known as the terminal (navicular) fossa. The 
bulbous portion of the urethra forms the most 
dependent part of the perineal curve. The 
bulbourethral glands of Cowper open into this 
portion of the urethra at its lower or posterior 
wall. The external orifice is the narrowest part 
and at times requires incision to permit the 
passage of instruments which may pass easily 
through the remainder of the urethra. The 
passage of a sound is a simple procedure in 
a normal urethra, if the beak is kept in contact 
with the urethral roof after the navicular fossa 
has been passed. Once the level of the mem- 
branous portion has been reached, little diff- 
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Fig. 563. The posterior wall of the male urethra. 


culty is encountered in entering the bladder 
except in pathologic conditions which involve 
either the urethra or the prostate gland. 


Scrotum 


The scrotum is a pendulous purselike bag of 
skin and fascia in which the testes are found 
(Fig. 565). It has a bilateral origin, being de- 
rived from right and left labioscrotal folds. In 
the female, these folds remain separated as 
the labia majora, but in the male they fuse 
behind the penis to form the scrotum. A ves- 
tige of the fusion of the 2 sides of the scrotum 
remains as the median raphe, which is contin- 
ued into the perineal skin behind the scrotum 
and along the lower aspect of the penis anteri- 
orly. 
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Skin. The skin of the scrotum forms a single 
pouch. It is delicate in texture, darker in color 
than the surrounding region and quite disten- 
sible. Its rugosity, which varies with tempera- 
ture, is produced by the dartos muscle that 
lies immediately subjacent. 


Fascia. The superficial fascia in the scrotum 
is entirely devoid of fat and is largely replaced 
by the thin sheet of muscle just mentioned, 
the dartos. This muscle sends a median parti- 
tion across the scrotum which separates the 
testes from each other; however, the septum 
is incomplete superiorly. It is a laminated thin 
sheet of involuntary muscle which is platysma- 
like, since it is intimately adherent to the skin, 
causing it to wrinkle. It contracts with cold 
and relaxes with heat, its tonicity decreasing 
with age. Sympathetic nerve fibers supply it. 

In the wall of each scrotal chamber there 
are, besides skin and dartos, 3 complete layers 
which are derived from the anterior abdomi- 
nal wall. They are, named from without in- 
ward: the external spermatic fascia, the cre- 
master muscle and the internal spermatic 
fascia. These provide additional coverings or 
coats for each testis. 

The external spermatic fascia, which is de- 
rived from the external oblique aponeurosis, 
appears as a small layer of areolar tissue situa- 
ted directly under the dartos. Though the skin 
and the superficial fascia are common to both 
halves of the scrotum, the 3 additional layers 
are confined to each corresponding side be- 
cause of the septum produced by the dartos 
muscle. 

The cremaster muscle is derived from the 
internal oblique. Its muscle loops reach the 
testicle as thin strands. By their contraction 
the testis is drawn toward the subcutaneous 
inguinal ring and produces the cremasteric 
reflex. 

The internal spermatic fascia is derived 
from the transversalis fascia. It is composed 
of loose connective tissue and closely invests 
the elements of the cord and the testicle. 


Tunica vaginalis testis. The tunica vaginalis 
testis is developmentally a portion of the peri- 
toneum. Ít is a serous membrane and, like all 
other serous membranes, has parietal and vis- 
ceral layers; these are separated by a capillary 
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Fig. 564. The penile portion of the urethra after it pierces the urogenital diaphragm. 


interval which contains a film of fluid which 
keeps the surfaces moist. The parietal layer 
lines the wall of the scrotum and is closely 
adherent to the internal spermatic fascia. At 
the back of the scrotum it is reflected forward 
and becomes continuous with the visceral 
layer. The latter covers the epididymis and 
then the testis itself. In inguinal herniae of 
long standing, the coats of the testis and the 
spermatic cord become thickened and may 
be separated and displayed, but in normal in- 
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dividuals, although the dartos and the tunica 
vaginalis are identified easily, the external 
spermatic fascia, the cremaster and the inter- 
nal spermatic fascia have a tendency to be- 
come fused and are defined less easily. 


Testis 


This gland appears as an oval body with flat- 
tened sides; it lies in the scrotum with its long 
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Fig. 565. The scrotum and its 6 associated layers: (A) side view; (B) schematic cross section. 


Testis 


axis oblique, its upper pole tilted forward. It 
varies in size, but its average dimensions are 
1% inches in length, 1 inch in anteroposterior 
diameter, and a little less than that from side 
to side. The vas deferens and the epididymis 
are applied to its posterior border (Fig. 566). 
On each side and anteriorly, it is enveloped 
by the tunica vaginalis which, under normal 
conditions, forms a completely closed sac. The 
visceral layer of this tunic is closely adherent 
to the testis and becomes continuous with the 
parietal layer at the upper and the lower poles 
and along the posterior part of both sides of 
the gland. On the lateral aspect it is reflected 
onto the medial side of the epididymis, thus 
forming the underlying sinus of the epidi- 
dymis, which partially separates the body of 
the epididymis from the testis (Fig. 567). 


Tunica Albuginea. The tunica albuginea is 
a pearly white coat which forms a complete 
fibrous covering deep to the tunica vaginalis. 
At the posterior border of the gland it be- 
comes thicker, forming the mediastinum tes- 
tis. From this mediastinum, incomplete fi- 
brous septa pass inward to subdivide the gland 
into lobes. Convoluted seminiferous tubules 
lie in the lobes and pass backward into the 
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mediastinum testis, where they unite and 
form a network called the rete testis. From 
this network about 20 efferent ductules (vasa 
efferentia) arise; they emerge from the upper 
pole of the testis and enter the head of the 
epididymis. 


Epididymis. The epididymis is applied to the 
upper pole and the posterior border of the 
testis. It tapers from above downward and is 
subdivided into a head, a body and a tail. The 
head of the epididymis is enlarged and fits 
like a cap on the upper pole of the testis, to 
which it is attached by the efferent ductules. 
The body is separated from the testis by the 
sinus of the epididymis, and the tail or lower 
end is attached only by areolar tissue near 
its lower end. Within the head, the efferent 
ductules unite to form the canal of the epidi- 
dymis, which is coiled up within the body and 
the tail. When unraveled, it measures almost 
20 feet in length. This duct emerges from the 
tail as the vas (ductus) deferens which ascends, 
medial to the epididymis, and enters the sper- 
matic cord. The body and the tail of the epidi- 
dymis can be separated easily from the testi- 
cle, but the head must be severed at its 
efferent ductules. 
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Fig. 566. The testis. (A) A section of the gland has been removed to show its relations to the epididymis 
and the tunica albuginea. (B) and (C) Coverings of the spermatic cord and the testis. 
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Fig. 567. The internal structure of the testis. (A) Transverse section of the right testis. (B) Teased sagittal 


section. 


Spermatic Cord 


This appears as a long, rounded bundle which 
extends from the deep inguinal ring to the 
posterosuperior border of the testicle (Figs. 
566, 567 and 568). Within the abdomen its 
constitutent parts are widely separated, but 
from the deep inguinal ring to the testis they 
are wrapped together by the coverings of the 
cord. It is encased in 3 fibrous coats derived 
from the abdominal wall during the descent 
of the testis, namely, a continuation of the ex- 
ternal abdominal oblique (the external sper- 
matic fascia), a continuation of the internal 
abdominal oblique (the cremaster muscle), 
and a continuation of the transversalis fascia 
(the internal spermatic fascia). Plus this, the 
2 inner layers of the abdominal wall, namely 
peritoneum and preperitoneal fat, are also 
present. In the fatty layer run the duct, the 
vessels and the nerves of the testis, and the 
vessels and the nerves of the epididymis. 
These constituents of the cord assemble at the 
internal inguinal ring lateral to the inferior 
epigastric artery, pass through the inguinal ca- 
nal and descend in the scrotum to the testis. 
The cord lies behind the internal oblique lat- 
erally and in front of it medially. As it emerges 
from the superficial inguinal ring it passes over 


the pubic tubercle and covers it; hence, when 
one attempts to feel the tubercle, it is first 
necessary to displace the cord. 

The constituents of the spermatic cord are: 
1. Continuations of the 2 inner layers of the 
abdominal wall (processus vaginalis peritonei 
and the preperitoneal fatty areolar tissue). 

2. Structures associated with the testicle (vas 
deferens and artery, veins, lymphatics and 
nerves). 

3. Vessels and nerves associated with the vas 
deferens and the epididymis. 

The processus vaginalis peritonei (funicular 
process of peritoneum, tunica vaginalis testis) 
is a tubelike process of peritoneum, the upper 
part of which lies in front of the vas; it is 
obliterated before birth or within a month 
thereafter to become a fibrouslike thread (Fig. 
569). Its lower part remains patent and is inva- 
ginated from behind by the testis, changing 
its name to the tunica vaginalis testis. 

The preperitoneal fatty areolar tissue is an 
extension of the extraperitoneal abdominal fat 
which surrounds the processus vaginalis and 
forms a covering for the structures which pass 
to and from the testis. This layer is the sur- 
geon’s landmark to the underlying “sac” in 
inguinal hernia operations. The adipose tissue 
in this layer diminishes as one proceeds down 
the cord; thus, no fat is found in the scrotum. 


Spermatic Cord 
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Fig. 568. The blood supply of the testis and the constituents of the spermatic cord. 


The vas deferens (dutus deferens) is the 


structure which conveys spermatozoa from 


the testis to the urethra; it is as long as an 
adult femur. It starts in the tail of the epidi- 
dymis, of which it is the prolongation; the 
pathologic changes of one affects the other. 
It is the only hard structure in the spermatic 
cord; hence, it can be identified easily; the 
firmness is due to a thick muscular coat. It 
has a tiny lumen and is dilated at its 2 extremi- 
ties, which are the only thin-walled portions 
of the vas. It first ascends behind the testis 
along the medial border of the epididymis, 
continues through the scrotum and the ingui- 
nal canal as the posterior constituent of the 
spermatic cord, then winds around the lateral 
side of the inferior epigastric artery and de- 
scends to the posterolateral angle of the blad- 
der, and thence to the urethra (Fig. 568). The 
vas is subperitoneal throughout its entire 


course. Normally, it is bluish white in color, 
resembling cartilage. Because of its posterior 
relationship, the sac of an indirect inguinal 
hernia usually lies anterior to it. 


Arteries 


There are 2 arteries in the spermatic cord, 
namely, the testicular and the deferential ar- 
teries (Fig. 568). 

The testicular (internal spermatic) artery 
is the larger and supplies the testis. It arises 
from the abdominal aorta in the lumboiliac 
region and joins the cord at the abdominal 
inguinal ring. In the cord it is surrounded and 
hidden by the spermatic group of veins. It 
lies in front of the vas. 

The artery of the vas deferens is a slender 
branch of the inferior vesical artery which 
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Fig. 569. (A) As the testicle descends in the scro- 
tum, the vaginal process becomes differentiated 
into a funicular portion, which is applied to the 
spermatic cord, and a vaginal portion, which is ap- 
plied to the testicle. (B) The testicle has reached 
the base of the scrotum. Normally, the funicular 
portion becomes obliterated, and the vaginal por- 
tion remains patent. 


passes along the vas to supply it and the epidi- 
dymis. 


Veins 


The pampiniform plexus represents the veins 
of the testis and the epididymis; they number 
about a dozen. This anastomosing plexus re- 
ceives its name from its resemblance to a vine. 
The veins ascend in 3 longitudinal groups. The 
anterior group surrounds the testicular artery, 
and the middle surrounds the vas; the poste- 
rior group runs alone. As the veins ascend they 
decrease in number but increase in size and 
finally end at or near the deep inguinal ring 
as the testicular vein, which continues upward 
over the posterior wall of the abdomen. The 
right vein ends in the inferior vena cava, the 
left joins the left renal vein. In the lower part 
of the abdomen they are frequently double. 


Male Perineum and External Genitalia: External Genitalia 


On the right, the vein empties into the infe- 
rior vena cava near the renal pedicle; on the 
left, it enters the renal vein almost at a right 
angle. This fact explains the increased inci- 
dence of varicoceles on the left side as com- 
pared with the right. 


Lymphatics 


The lymphatics of the cord and the testicle 
follow the spermatic vessels throughout their 
course and end in the external iliac glands 
or the lumbar nodes about the aorta and the 
inferior vena cava. 

In addition to the structures just discussed, 
a cremasteric artery exists; it arises from the 
inferior epigastric artery close to the deep in- 
guinal ring and supplies the coverings of the 
cord. 


Nerves 


The genital branch of the genitofemoral nerve 
(L 1 and 2) supplies the cremaster muscle and 
a sensory branch to the tunica vaginalis. Sym- 
pathetic fibers from the renal and the aortic 
plexuses carried by the testicular artery, and 
from the pelvic plexus carried by the artery 
to the vas, supply branches to the testis (T 
10) and to the epididymis (T 11, 12 and L 
1). 


Surgical Considerations 


Tumors of the Testicle 


Many tumors of the testicle are treated by 
inguinal orchiectomy with total excision of the 
inguinal cord structures. However, the more 
invasive and aggressive tumors are treated by 
dissection in the retroperitoneum (and even 
in the posterior mediastinum) so that the en- 
tire drainage shed is sought and removed. 


Varicocelectomy 


A varicocele is a dilatation and varicose condi- 
tion of the spermatic veins (pampiniform 
plexus). It is more common on the left than 
on the right side (p. 653). The veins usually 
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Fig. 570. Varicocelectomy. 


involved are the anterior group which sur- 
round the testicular artery. To perform the 
operation an incision is made low in the ingui- 
nal region (Fig. 570). The spermatic cord is 
located at the external inguinal ring and 
drawn into the wound. The coverings of the 
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cord are incised, and the veins are exposed; 
two thirds of the veins involved are doubly 
ligated, and the intervening segment is re- 
moved. The ends of the severed veins are 
brought together, thus supporting the testicle. 
It is important to make certain that at least 
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Fig. 571. Hydrocelectomy. 
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Fig. 572. Circumcision. 


one large vein or group of veins remains so 
that some return venous flow is preserved. 


Hydrocelectomy 


This operation is done for a collection of fluid 
which is found between the layers of the tu- 
nica vaginalis (vaginal hydrocele). Other types 
of hydrocele have been described (p. 395). 
The usual operation performed is the so-called 
“bottle” operation (Fig. 571). The incision is 
made through the skin, the dartos and the 
superficial fascia; it is placed directly in the 
scrotum and over the hydrocele. The testicle 
with its tunica vaginalis is exposed, the fluid 
is aspirated, and the tunica is opened. The 
parietal layer of the tunica vaginalis is excised 
partially, but enough is permitted to remain 


so that it may be everted and sutured behind 
the testicle and the spermatic cord. In this 
way, the secreting surface faces outward. 


Circumcision 


Before the operation is attempted, the pre- 
puce should be freed from the glans, since 
adhesions might be present and result in an 
unsatisfactory operation or injury to the glans. 
The redundant prepuce is placed on tension 
and amputated parallel with the corona. The 
redundant inner layer is mucous membrane 
and should be excised. The remaining tissue 
is folded back and sutured to the skin of the 
shaft of the penis. An alternate method of dor- 
sal slit may be utilized (Fig. 562). 


SECTION 7 FEMALE PERINEUM AND EXTERNAL 
GENITALIA 


Chapter 36 


Female Perineum 


The perineum is a region at the inferior end 
of the trunk which is situated between the 
thighs and the lower part of the buttocks. It 
is a diamond-shaped space at the angles of 
which are found the inferior pubic (arcuate) 
ligament above, the tip of the coccyx below, 
and the ischial tuberosities at each side. The 
pubic arch and the sacrotuberous ligaments 
form its sides, but the latter are hidden by 
the gluteus maximus muscles. If a line is drawn 
from the anterior part of one ischial tuberosity 
in front of the anus to the anterior part of 
the other tuberosity, this diamond-shaped 
area becomes conveniently divided into an 
anterior urogenital triangle and a posterior 
anal triangle (Fig. 573). The anal triangles are 
about the same in both sexes, but the urogeni- 
tal triangles differ. On the surface the urogeni- 
tal triangle is bounded by the mons veneris 
in front, by the gluteal region (buttocks) be- 
hind and by the femoral region (thigh) at each 
side. 


The Urogenital Region 


External Genitalia 


The mons veneris is a cushionlike eminence 
on the front of the pubes; it is produced by 
a collection of fatty tissue under the skin (Figs. 
573 and 574). It is covered with hair which 
ceases abruptly as the mons merges with the 
anterior abdominal wall. 


Pudendum (Vulva). This collective term in- 
cludes the labia manora, the labia minora, the 


body and the glans of the clitoris and the vagi- 
nal orifice. It extends from the pubes above 
to a point in front of the anus below. 

The labia majora are homologous to the 
halves of the scrotum in the male; the line 
of the intervening vestibular or pudendal cleft 
between the 2 labia corresponds to the scrotal 
raphe. In mulliparae these labia are in contact 
with each other, and are therefore the only 
visible part of the external genitalia. Each la- 
bium is a broad rounded cutaneous fold which 
lies lateral to the labium minus and covers a 
long fingerlike process of fat. The two large 
labia are united below the mons veneris (mons 
pubis) and form the anterior commissure; they 
are connected posteriorly and form a nar- 
rower and less distinct posterior commissure. 
The outer convex surface is covered by ordi- 
nary skin and hair and is provided with nu- 
merous sebaceous glands, but the inner sur- 
face, which lies against the opposite labium, 
possesses a more delicate skin with large seba- 
ceous follicles. The elevation of the labium 
is produced by the presence of a diverticulum 
of fat which is a continuation of the superficial 
fat of the inguinal region. This fatty finger- 
shaped process is demarcated from the sur- 
rounding fat in which it is embedded; it rests 
against the deep layer of superficial fascia. 

The labia minora (nymphae) are cutaneous 
folds which lie medial to the labia majora (Fig. 
974). The minor lips enclose the vestibule, and 
in the young they are commonly concealed 
by the approximated majora. In older women 
and multiparae they are not infrequently pen- 
dulous and externally visible; they are shorter 
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Fig. 573. The female perineum. 


and thinner than the labia majora and become 
highest near their anterior end. The anterior 
extremities each split into two layers, the up- 
per of which meet above the clitoris to form 
the prepuce; the lower layers become at- 
tached to the inferior aspect of the glans of 
the clitoris and form its frenulum. The labia 
minora diminish in size as they pass posteri- 
orly and blend with the labia majora. In front 
of the posterior commissure they are con- 
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nected by a transverse fold of skin, the frenu- 
lum of the labia (fourchette). Immediately an- 
terior to and above this fold, between it and 
the posterior limit of the vaginal orifice, a shal- 
low depression is formed which is known as 
the fossa navicularis. These labia are hair-free 
and resemble mucous membrane. 

The clitoris is the female penis and lies at 
the apex of the vestibule. Only a small part 
of the body and the glans are visible when 
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Fig. 574. The female external genitalia. 


The Urogenital Region 


the labia minora are retracted, since the labia 
and the mons hide the greater part of this 
structure. 

The vestibule of the vagina is the cleft 
which exists between the labia minora. It is 
a fissure which is placed anteroposteriorly and 
into which the urethral orifice opens above 
and the vaginal orifice below. On each side, 
the entrance of the two minute ducts of the 
corresponding Bartholin glands are found. 

The urethral orifice also has been referred 
to as the external urinary meatus; it appears 
as a vertical slitlike or ovoid opening about 
4 or 5 mm. in diameter. It is about 1 inch 
below the clitoris, and the mucous membrane 
around its margin is somewhat prominent and 
puckered. A group of minute glands appear 
at each side of the lower part of the urethra 
and represent the homologue of the prostate 
gland in the male. On each side they group 
themselves to employ a common para-ure- 
thral duct (Skene’s) which passes downward 
in the submucous coat and opens at the sides 
of the orifice. They are of clinical importance 
because they may harbor infections. 

The vaginal orifice is nearer the posterior 
end of the vestibule, and in the virgin is par- 
tially closed by the hymen. The latter is a du- 
plication of mucous membrane which, after 
rupture, is represented by irregular pro- 
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jections into the vaginal orifice known as the 
hymenal caruncles (carunculae myrtiformes). 
The hymen is usually a thin vascular fold of 
mucous membrane which varies in shape and 
thickness and presents a central opening 
which can be stretched sufficiently to admit 
one examining finger without tearing. 
Whether the hymen is intact or torn, it never- 
theless persists anteriorly as a membranous 
band as it approaches and joins the tissues 
forming the urethral floor at the meatus. 
These bands become stretched and pull on 
the floor of the meatus when the vaginal in- 
troitus is dilated by digital examination or coi- 
tus. This is a feature of diagnostic importance 
especially in dyspareunia. 

The superficial perineal fascia divides into 
2 definite layers in the urogenital diaphragm: 
a superficial fatty layer and a deeper membra- 
nous one (Fig. 575). This arrangement is a con- 
tinuation of the 2 layers of superficial fascia 
of the anterior abdominal wall, namely, the 
superficial fatty layer of Camper and the 
deeper membranous layer of Scarpa. 

The superficial layer of the superficial fascia 
is part of the general adipose panniculus 
which covers the entire body. Posteriorly it 
is continuous with the adipose tissue which 
fills the ischiorectal fossa, and anteriorly it is 
carried upward in front of the pubis as Cam- 





Fig. 575. The superficial anatomy of the urogenital 
region. On the right side (reader’s left) the superf- 
cial layer of superficial fascia has been incised longi- 
tudinally to expose the continuation of the superf- 
cial inguinal fascia which appears as a fatty 


diverticular process; this process accounts for the 
labial elevation. On the left side (reader’s right) 
the 2 layers of superficial fascia and the superficial 
musculature are demonstrated. 
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per’s fascia. Where it covers the labia, the fat 
is replaced by a very thin layer of involuntary 
muscle fibers which is the homologue of the 
dartos muscle in the male scrotum; laterally, 
it leaves the perineum and becomes continu- 
ous with the fatty tissue of the thighs. 

The deep layer of superficial perineal fascia 
is membranous and is a continuation of Scar- 
pa’s fascia of the abdomen but changes its 
name in this region to Colles’ fascia. It is found 
only in the anterior half of the perineum and 
ends behind at a transverse line which joins 
the ischial tuberosities. At the side of the ante- 
rior urogenital triangle it ends by becoming 
firmly attached to the ischiopublic rami and 
the ischial tuberosities. On the same plane, 
but laterally placed, is the fascia lata of the 
thigh; the deep layer of superficial fascia joins 
the fascia of the urogenital diaphragm behind. 

The superficial perineal pouch is a space 
or compartment which exists between the 
perineal membrane (p. 640) and the deep 
layer of the superficial perineal fascia. This 
space is bounded inferiorly by the membra- 
nous layer of fascia which forms its floor; it 
is bounded superiorly by the perineal mem- 
brane which forms its roof, and laterally by 
the side of the pubic arch between the attach- 
ments of these 2 membranes. It is closed pos- 
teriorly by their fusion. Anteriorly, however, 
the pouch remains open and is continuous 


Fig. 576. Deeper dissection of the urogenital re- 
gion. The contents of the superficial perineal pouch 
are shown. On the reader’s right the inferior fascia 
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with that interval which exists between the 
superficial fascia of the anterior abdominal 
wall and the aponeurosis of the external 
oblique muscle, the interval being filled with 
areolar tissue. Each half of the pouch contains 
a crus of the clitoris, the bulb of the vestibule, 
the greater vestibular gland and the superf- 
cial perineal muscles, nerves and vessels (Fig. 
576). Through the compartment and in verti- 
cal directions, in the median plane, pass the 
terminal portions of the urinary and the geni- 
tal tracts. 

The only portion of the clitoris which is visi- 
ble when the labia are retracted is the small 
end known as the glans and a small part of 
its body. The other constituents of this erectile 
tissue, with the investing musculature, are in 
the superficial perineal compartment and are 
brought into view only when the deep layer 
of the superficial perineal fascia and the infe- 
rior perineal fascia are incised. The crus of 
the clitoris corresponds to the crus penis, al- 
though much diminished in size. Like the 
male structure, it is covered by the ischiocav- 
ernosus muscle. The crura are continuous with 
the corpora cavernosa at the lower part of 
the pubic symphysis; the crura are large in 
comparison with the corpora. On the symphy- 
sis each crus passes backward and laterally to 
taper at a point near the lower end of the 
ischium. It lies on the lower surface of the 
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of the urogenital diaphragm has been incised to 
show the relation of the deep transverse perineus 
muscle. 


Musculature of the Perineum and the Pelvis 


perineal membrane along the side of the pu- 
bic arch whose perineal surface is grooved to 
accommodate it. It is adherent to both the 
bone and the membrane and is hidden by the 
overlying ischiocavernosus muscle. The later- 
ally placed corpora cavernosa fuse anteriorly 
to form the small unpaired body of the clitoris. 
This is bent upon itself and tapers distally 
where it is covered by the glans. The clitoris 
is supplied with a suspensory ligament which 
passes upward to the symphysis and onto the 
anterior abdominal wall. The glans, like the 
homologous male organ, has a frenum and a 
prepuce. 

The bulb of the vestibule corresponds to 
the bulb of the penis, but because of the pres- 
ence of the vagina, it has become a bilateral 
structure (Fig. 576). These appear as 2 oblong 
masses of erectile tissue which lie on the infe- 
rior aspect of the perineal membrane and in 
contact with the lateral walls of the vagina. 
They are covered by the bulbocavernosus 
muscles, and where they are in close contact 
with the Bartholin glands they are rounded. 
In front where they pass to the sides of the 
urethra and unite near the body of the clitoris 
they are pointed. The 2 halves are united in 
front of the urethra by a venous plexus called 
the pars intermedia. 

The muscles which cover the bulb are the 
superficial and deep transverse perineal mus- 
cles plus the external sphincter of the anus 
converge to a central point. This is a musculo- 
tendinous point which is located in the mid- 
line of the perineum, anterior to the anus at 
the posterior limit of the superficial perineal 
compartment. The fibers of this musculotendi- 
nous portion, plus the tissue between the anal 
and the vaginal canals, constitute the perineal 
body. 

The greater vestibular glands (Bartholin) 
correspond to the bulbourethral (Cowper’s) 
glands of the male but differ in position and 
in the termination of their ducts. They are 
about 1 cm. in length and lie on the side of 
the lowest part of the vagina under cover of 
the posterior part of the bulb. The long axis 
of the gland is transverse. The duct follows 
an oblique course, passing anteromedially and 
opening into the vestibule, one on each side 
of the fossa navicularis. Their orifices are ma- 
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croscopically visible just external to the hy- 
men near the middle of the vaginal orifice 
(Figs. 574 and 576). 

The normal Bartholin glands are not palpa- 
ble, since they are covered by the bulb of the 
vestibule. However, when diseased, they are 
enlarged and become palpable at the junction 
of the posterior and the middle thirds of the 
vagina. 


Musculature of the Perineum 
and the Pelvis 


It is helpful to consider the perineal muscles 
as being arranged in 3 separate strata or layers 
(Fig. 577). There is a superficial layer which 
consists of 3 muscles: the superficial transverse 
perineal, the bulbocavernosus and the ischio- 
cavernosus. The middle layer (urogenital dia- 
phragm) consists of the sphincter of the 
urethra and the deep transverse perineal plus 
its fascia; the deep layer is the levator ani and 
the coccygeus, which have been discussed 
elsewhere (p. 572). 


Superficial Transverse Perineal Muscle. This 
muscle lies along the base of the urogenital 
diaphragm, is at times difficult to define and 
even may be absent. It is a slender fasciculus 
which originates from the ramus of the is- 
chium close to the tuberosity, passes medially 
and inserts into the perineal body, at which 
point it fuses with its fellow of the opposite 
(Fig. 577). Posteriorly, it lies against the exter- 
nal sphincter of the anus; anteriorly, it almost 
reaches the posterior wall of the vagina. If 
visible, it is a good surgical landmark, since 
the pudendal nerve and artery wind around 
its posterior border to turn upward and reach 
the urogenital region. At this point the nerve 
may be blocked for surgical and obstetric pro- 
cedures, as well as for the relief of pruritus 
vulvae. 


Ischiocavernosus Muscle. This muscle arises 
from the medial aspect of the ischium close 
to its tuberosity, extends forward over the crus 
and becomes aponeurotic. As these fibers pass 
upward they ensheath and insert into the me- 
dial and the inferior surfaces of the crus and 
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Fig. 577. The 3 layers of the perineal musculature. 
(A) The Ist layer with its 3 superficial muscles. (B) 
The urogenital diaphragm. This diaphragm consists 
of an inferior layer of fascia, a deep transverse peri- 
neus muscle and a superior layer of fascia. The infe- 
rior fascial layer has been incised to show the rela- 


extend as far forward as the body of the cli- 
toris. These 2 muscles compress the crura, 
thereby retarding the outflow of blood and 
assisting in the production of an erection of 
the clitoris. They are smaller than the corre- 
sponding muscles of the male. 


Bulbocavernosus Muscle. This muscle has 
also been referred to as the bulbospongiosus 
and the sphincter vaginae. In the male, the 
bulbocavernosus is a single structure, but in 
the female it is halved symmetrically by the 
vestibule, and each side becomes closely re- 
lated to the lateral surface of the vestibular 
bulbs. The fibers originate from the central 
tendinous point, separate, pass forward on the 
walls of the vestibule and converge toward 
the midline in front, where they are attached 
to the body of the clitoris; they cover the bulbs 
of the vestibule and act as constrictor muscles 
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tions. The deep transverse perineus muscle 
continues upward as the sphincter urethrae mus- 
cle. (C) The 3rd layer consists of the puborectal 
portion of the levator ani muscle; it is necessary 
to cut through the urogenital diaphragm to visual- 
ize this structure. 


of the erectile tissue, as does the ischiocaver- 
nosus. 

The 3 superficial perineal muscles are sup- 
plied by the perineal branch of the pudendal 
nerve. 


Urogenital Diaphragm 


The urogenital diaphragm (triangular liga- 
ment) consists of 2 layers of fascia with 2 inter- 
vening muscles. The lower layer of fascia is 
the inferior layer, and the upper layer consti- 
tutes the superior fascia. The interposed mus- 
cles are the sphincter urethrae membrana- 
ceae and the deep transverse perineal. The 
space between the 2 layers of fascia not only 
contains the deep transverse perineal muscles 
but also encloses the space which is called the 
second or the deep compartment of the peri- 
neum (Figs. 576 to 579). 


Musculature of the Perineum and the Pelvis 


The inferior layer (perineal membrane) of 
the urogenital diaphragm is the more superfi- 
cial of the 2 fascial layers and forms the roof 
of the superficial and the floor of the deep 
perineal compartments; laterally, it attaches 
to the ischiopubic rami. Medially, it is attached 
to the sides of the vagina; posteriorly, the 2 
halves of the membrane join behind the va- 
gina; their posterior borders fuse with the pos- 
terior borders of the fascia above the deep 
transversus and the membranous layer of the 
superficial fascia. This fusion closes the deep 
perineal pouch posteriorly. Anteriorly, the 
halves meet in front of the vagina and the 
urethra, and their borders fuse with the ante- 
rior borders of the fascia above the sphincter 
urethrae. The fused anterior borders are 
thickened to form a band called the transverse 
ligament of the perineum; this is separated 
from the inferior ligament of the pubis by an 
oval interval which transmits the dorsal vein 
of the clitoris. The inferior layer of fascia is 
pierced in the midline by the urethra, the va- 
gina, to either side by the internal pudendal 
vessels and the pudendal nerves, and by 
branches of these to the erectile tissues of the 
bulb, the crus and the glans. 
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The superior layer of the urogenital dia- 
phragm (upper lamina) also has been referred 
to as the deep layer of the triangular ligament 
(Fig. 562). It forms the roof of the deep peri- 
neal compartment and the floor of the ante- 
rior extension of the ischiorectal on either side 
of the midline. It is derived from the parietal 
layer of the pelvic fascia. Anteriorly conjoined 
with the inferior layer, it forms the transverse 
ligament of the pelvis; behind, it again be- 
comes continuous with the inferior layer 
around the deep transverse perineal muscles 
and by means of this fusion attaches to the 
deep layer (Colles’) of superficial fascia. At the 
sides it meets the obturator fascia. Medially 
and above, it joins the fascial coverings on the 
under surface of the levator ani muscle. 

The deep perineal compartment is the 
pouch which exists between the 2 layers of 
deep fascia of the urogenital diaphragm of the 
perineum. It contains the deep transverse per- 
ineal muscle, the sphincter muscle surround- 
ing the membranous portion of the urethra, 
and the pudendal vessels and nerves (Fig. 
578). 

The sphincter muscle of the membranous 
urethra (sphincter urethrae membranaceae) 
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Fig. 578. The internal pudendal artery and its branches. 
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is not named entirely correctly, since it would 
indicate that it is related only to the urethra, 
but in reality it sends fibers to the vaginal and 
the anal canals as well. The muscles arise on 
each side from the ischiopubic rami, and as 
they approach the midline, an anterior group 
passes to the urethra, almost reaching the infe- 
rior margin of the symphysis pubis. More pos- 
teriorly, a group becomes implanted into the 
urethra; similarly, a group of fibers is related 
to the vagina; the postvaginal group crosses 
transversely behind the vaginal canal be- 
tween it and the anus. 

The deep transverse perineal muscle is the 
backward continuation of the sphincter ure- 
thrae (Figs. 576 and 577). It appears as a trian- 
gular prolongation which passes backward 
deep to the coccygeal extension of the exter- 
nal anal sphincter and surrounds the anal ca- 
nal. The fibers of the 2 sides, which originate 
at the junction of the ischial and the pubic 
rami, are inserted into the tip of the coccyx. 
While both of these muscles may have some 
sphincteric function, the main function of the 
urogenital musculature is to support the pel- 
vic organs. They are supplied by the perineal 
nerve. 

Between the 2 layers of fascia the following 
structures are found: the membranous ure- 
thra, the sphincter urethrae, the vagina, the 
internal pudendal arteries, arteries to the bulb 
and the dorsal nerve to the clitoris. In the 
female the greater vestibular glands (Bartho- 
lin) do not lie between the 2 layers of fascia 
but beneath the inferior layer so that the ducts 
(bulbourethral glands) do not have to pierce 
this fascia as they do in the male. 


Ischiorectal Fossa. In the urogenital half of 
the perineum and above the superior layer 
of urogenital fascia a fat-filled ischiorectal fossa 
(anterior recess) extends forward for 2 inches 
on either side. This space resembles a triangu- 
lar prism. The lateral boundary is formed by 
the parietal fascia which covers the obturator 
internus muscle; the superior boundary is the 
inferior fascia of the pelvic diaphragm which 
covers the undersurface of the levator ani 
muscle, and the inferior boundary is the supe- 
rior fascia of the urogenital diaphragm. 
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Pelvic Diaphragm 


This diaphragm consists of the levator ani and 
the coccygeus muscles plus the fascia which 
invests their perineal and pelvic surfaces. 
From the pelvic wall on either side these mus- 
cles pass downward toward the midline, 
where they fuse or surround the terminal por- 
tions of the anus, the vagina and the urethra 
(Fig. 482). The inferior layer of fascia which 
covers this muscular diaphragm also is refer- 
red to as the anal or the ischiorectal fascia; 
the superior layer is called the visceral layer 
of diaphragmatic fascia (p. 573). 

The internal pudendal artery leaves the 
lesser pelvis to enter the gluteal region by 
passing through the lower part of the greater 
sciatic foramen between the piriformis and 
the coccygeus muscles (Fig. 578). After turn- 
ing around the spine of the ischium it reaches 
the anal part of the perineum by passing 
through the lesser sciatic foramen. Then it 
passes along the lateral wall of the ischiorectal 
fossa, where it is accompanied by its venae 
comites and the pudendal nerve. In this loca- 
tion the artery lies in an aponeurotic canal 
known as Alcock’s canal (Fig. 578 B). In the 
fossa the artery at each side gives off the infe- 
rior hemorrhoidal artery, which passes medi- 
ally through the fatty tissue of the fossa to 
supply the anus and the anal canal. It also 
supplies the superficial fascia, the skin of the 
perineum and the skin and the musculature 
of the gluteal region. 

The main stem of the vessel continues up- 
ward, leaves the anal triangle and enters the 
urogenital triangle. It supplies the following 
branches (Fig. 578): small posterior labial 
branches which are distributed to the skin and 
the fatty tissue of the labia; the perineal artery 
arises within the ischiorectal fossa, passes for- 
ward and mesialward to enter the superficial 
perineal pouch by passing either over or un- 
der the perineal muscle (within this compart- 
ment it supplies the 3 muscles of the superf- 
cial pouch, namely, the ischiocavernosus, the 
bulbocavernosus and the superficial trans- 
verse perineal); the clitoridal branch of the 
perineal artery enters the deep perineal com- 
partment by piercing the base of the urogeni- 


Musculature of the Perineum and the Pelvis 


tal diaphragm, continues forward in the sub- 
stance of the urethral sphincter muscle which 
it supplies and ends in terminal branches 
known as the deep and the dorsal arteries of 
the clitoris. These branches also supply the 
erectile tissue of the superficial perineal com- 
partment. 

The dorsal vein of the clitoris occupies a 
groove in the medial line, with the dorsal ar- 
tery and nerve lying on each side of it; it corre- 
sponds to the deep dorsal vein of the penis. 
It takes origin in the glans, passes backward 
and, at the root of the clitoris, passes between 
the transverse ligament of the perineum and 
the inferior pubic ligament; it continues up- 
ward into the pelvis to join the plexus of veins 
on the wall of the vagina in the region of the 
neck of the bladder. Communication is also 
made with the internal pudendal vein. 

The pudendal nerve is the chief source of 
innervation to the muscles and the skin of the 
perineum (Fig. 579). The nerve on each side 
represents a smaller part of the pudendal 
plexus (the larger part constituting the sciatic 
nerve). It is derived from the anterior rami 
of S 2, 3 and 4 and accompanies the internal 
pudendal artery and vein, leaving the pelvis 
through the greater sciatic foramen and enter- 
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ing the ischiorectal fossa through the lesser 
sciatic foramen. As the nerve enters the 
ischiorectal fossa it gives off the inferior 
hemorrhoidal nerves, which accompany the 
vessels of the same name medialward to sup- 
ply the external sphincter ani muscle and the 
skin around the anus. Near the posterior mar- 
gin of the urogenital diaphragm, the pudendal 
nerve divides into its two terminal branches, 
namely, the perineal nerve and the dorsal 
nerve of the clitoris. 

The perineal nerve sends superficial 
branches forward; they enter the superficial 
perineal compartment as the posterior labial 
nerves. These are accompanied by the arteries 
of the same name to the skin of the labia and 
the anterior part of the perineum. The deep 
division of the nerve is muscular and supplies 
the muscles in the anal and the urogenital 
portions of the perineum. In the anal triangle, 
fibers are sent to the levator ani and the exter- 
nal anal sphincter; the nerve then pierces the 
base of the urogenital diaphragm, enters the 
deep perineal compartment and supplies the 
deep transverse perineal muscles and the 
urethral sphincter. Other fibers supply the su- 
perficial transverse perineal, the ischiocaver- 
nosus and the bulbocavernosus. 
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Fig. 579. The pudendal nerve and its branches. 
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The dorsal nerve of the clitoris enters the 
deep compartment at the anterior end of Al- 
cock’s canal. It is accompanied by the dorsal 
artery; it traverses this space and pierces the 
inferior fascia of the urogenital diaphragm to 
travel forward on the dorsum of the clitoris 
to the glans. It supplies the erectile tissue. The 
integument of the perineum has an additional 
nerve supply which will be discussed with the 
individual nerves appearing in this region. 


Anal Triangle 


This triangle is bounded behind by the coccyx, 
on each side by the ischial tuberosities and 
the sacrotuberous ligament, which are over- 
lapped by the lower borders of the gluteus 
maximus muscles (Fig. 573). In the midline, 
it contains the lower part of the anal canal 
and the external sphincter ani muscle; on each 
side it includes the ischiorectal fossae. 


Ischiorectal Fossa. Each ischiorectal fossa is 
prismatic in shape and lies below the lateral 
part of the pelvic diaphragm (Fig. 484). Its 
roof is formed by the levator ani; the origin 
of that muscle from the fascia covering the 
parietal pelvic muscles separates the fossa 
from the pelvic cavity. Its lateral wall is 
formed by the lower part of the obturator in- 
ternus muscle and its fascia. In the posterior 
part of this wall the fascia interrupts commu- 
nications with the gluteal region through the 
lesser sciatic foramen. Posteriorly, the fossa 
is limited by the sacrotuberous ligament; ante- 
riorly, the base of the perineal ligament inter- 
venes between the fossa and the urogenital 
triangle. The medial wall is formed by the 
anal canal and the levator ani muscle. Anteri- 
orly, the fossa does not end at the base of the 
urogenital diaphragm but continues forward, 
laterally, between the urogenital and the pel- 
vic diaphragms into the urogenital part of the 
perineum. The cavity is about 2 inches long, 
2 inches deep and 1 inch wide. Under the 
skin is a large fat pad which fills the fossa. 
This fat fulfills an important supporting func- 
tion, since it assists in holding the rectum in 
place. Should it disappear, as occurs in wasting 
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diseases, the rectum may prolapse and pro- 
trude through the anus. 

The deep fascia is not directly under the 
skin in this region because of the intervening 
fat. This fascia was studied in detail by Elliot 
Smith who gave it the name of “fascia lunata” 
(Fig. 578 B). Medially, it covers the levator 
fascia (anal fascia) and ends at the lower end 
of the levator; laterally, it covers the obturator 
fascia and is attached to the ischium. The in- 
ternal pudendal vessels and nerves are be- 
tween these two layers. Therefore, it has been 
argued that Alcock’s canal is not formed by 
a division of the obturator fascia but is really 
that space that exists between the obturator 
fascia and the fascia lunata. Anteriorly, the 
fascia fuses with the urogenital diaphragm; su- 
periorly, it arches upward, at which point it 
is called the tegmentum (Fig. 482). The space 
which exists between this tegmen and the 
apex of the fossa is called the suprategmental 
space; it is devoid of fat. 


Hiatus of Schwalbe. The levator ani arises 
from the pubic bone anteriorly, the ischial 
spine posteriorly and the obturator fascia be- 
tween these 2 points. At times, however, it 
arises from the tendinous ring which is at- 
tached only to the bone in front and behind 
and not to the fascia between. This results 
in a space between its 2 points of origin. This 
gaping space is known as the hiatus of 
Schwalbe (Fig. 484). The practical importance 
of the hiatus is that a process of pelvic perito- 
neum may be pushed through it into the su- 
prategmental space, resulting in a hernia into 
the ischiorectal fossa. The coverings of the 
hernia would be the tegmentum of the fascia 
lunata, the ischiorectal fat pad and the skin. 

The external sphincter ani muscle sur- 
rounds the margin of the anal canal and con- 
sists of 3 parts: subcutaneous, superficial and 
deep. The subcutaneous portion of the exter- 
nal sphincter is the only muscle which sur- 
rounds the anal orifice proper. The superficial 
and deep portions of the muscle surround the 
anal canal. The adjacent fibers of the deep 
external sphincter intermingle with those of 
the puborectal portion of the levator ani. Par- 
tial division of the muscle usually leaves a com- 


Surgical Considerations 


petent sphincter, but a complete perineal tear 
results in a sphincteric incontinence. The 
muscle has been described in detail elsewhere 
(p. 493). 

The anococcygeal body consists of the pos- 
terior fibers of the external sphincter ani, a 
backward extension of the deep perineal mus- 
cles and the median strip of the pubococcy- 
geal part of the levator ani (Fig. 555). It is 
an important unit in the perineum, and injury 
to it may result in the loss of the essential 
elements of visceral suspension and support. 


Surgical Considerations 


Vaginal Hysterectomy 


This operation is usually done for procedentia 
and for prolapse of moderate degree associ- 
ated with cystocele and rectocele (Fig. 580). 
Prolapse of the uterus results from a failure 
of the supporting structures to hold the uterus 
in place. These supporting structures are: the 
round ligaments, the uterosacral ligaments, 
the bases of the broad ligaments, (Macken- 
rodt), the pelvic floor and the fascia surround- 
ing the vagina. 

Vaginal hysterectomy is performed in the 
following way: the lips of the cervix are sewed 
together or grasped with a tenaculum for the 
purpose of traction (Fig. 581). A circular inci- 
sion is made around the cervix in such a way 
that the bladder is not injured. The anterior 
vaginal wall is freed, and the bladder is dis- 
sected off of the anterior surface of the cervix 
until the vesicouterine peritoneum is identi- 
fied. 

With the bladder retracted upward, the 
vesicouterine peritoneum is opened, and the 
index and the middle fingers of the left hand 
are introduced into the peritoneal cavity (Fig. 
581 C). The fingers depress the fundus, and 
the peritoneal opening is extended laterally 
on each side as far as the broad ligament. The 
fundus is delivered as the fingers in the perito- 
neal cavity push the peritoneum forward over 
the pouch of Douglas. An incision is made over 
this finger, and the peritoneal cavity is en- 
tered posterior to the cervix. 
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Fig. 580. Descent of the uterus, cystocele and rec- 
tocele. (A) Normal uterine supports. (B) Failure of 
the normal uterine supports. 


The peritoneum is incised as far as the uter- 
osacral ligaments on each side. These liga- 
ments are clamped, divided and ligated. Then 
hemostats are placed at the top of the broad 
ligament in the region of the cornu of the 
uterus, and they grasp the round ligament and 
the adnexal attachments. Similar clamps are 
placed at the base of the broad ligament; these 
secure the uterine vessels. The tissue between 
these clamps is divided. It is best to carry this 
out on the left side first and replace the clamps 
by transfixion sutures (Fig. 581 F). Then the 
uterus can be rotated outward so that it re- 
mains attached only on the right side, and a 
similar procedure is carried out here. 

The peritoneum of the pouch of Douglas 
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Fig. 581. Vaginal hysterectomy. 


Surgical Considerations 


and the bladder are approximated by inter- 
rupted sutures; the stump of the adnexae re- 
mains extraperitoneal. The vaginal flaps are 
closed by interrupted sutures, and a slight 
opening is permitted to remain for drainage, 
if desired. 


Repair of Cystocele 
(Anterior Colporrhaphy) 


The limits of the bladder should be identified 
by a sound or a catheter placed in the urethra 
and carried down toward the cervix. Also, the 
presence or the absence of a urethrocele 
should be noted. Through a short transverse 
incision a cleavage plane is found between 
the vaginal wall and the bladder (Fig. 582). 
The vaginal wall is dissected laterad on each 
side and separated from the underlying mus- 
culofascial tissue; this tissue is chiefly the uro- 
genital diaphragm (Fig. 582 C). The bladder 
is separated from the cervix, and the pillars 
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on each side are cut; this permits upward dis- 
placement of the bladder (Fig. 582 D). 

Mattress-type sutures are placed from side 
to side in the tissue of the urogenital dia- 
phragm but are placed lateral to the urethra. 
With the bladder held in an upward direction, 
sutures are placed through the lateral muscu- 
lofascial tissue and through the uterus. In this 
way, the herniation of the bladder is cor- 
rected. The redundant vaginal flaps are trim- 
med and approximated with interrupted su- 
tures. 


Repair of Rectocele 
(Perineorrhaphy) 


Clamps are applied slightly within the muco- 
cutaneous junction on each side at the carun- 
culae myrtiformes (Fig. 583). Outward trac- 
tion is made on the clamps, and the skin and 
the mucous membrane are divided along this 
line. The posterior vaginal wall is separated 





Fig. 582. Repair of a cystocele. (A) Sagittal view of the cystocele. (B through F) The repair. 
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Fig. 583. Repair of a rectocele. (A) Sagittal view of the rectocele. (B through E) The repair. 


from the rectal wall. This dissection is carried 
in an upward direction and extends above the 
upper margin of the rectocele. The puborectal 
portions of the levator ani muscles are identi- 
fied and sutured; thus, a musculofascial bridge 
which keeps the herniated rectum in place 
is formed. The uppermost suture grasps the 
undersurface of the vaginal wall. If the torn 
fascia of the urogenital diaphragm is visible, 
this too is sutured as a separate layer over 
the levator. Skin sutures are placed. 


Posterior Colpotomy 


This is usually used in the treatment of pelvic 
abscess or as a diagnostic method in ruptured 
ectopic pregnancy. Tenacula are applied to 
the cervix to pull it upward and forward, and 
an incision about 1% inches in length is made 
in the mucous membrane at the junction of 
the posterior vaginal wall and the cervix (Fig. 
584). The underlying tissue is divided with 
scissors, the points of which are directed to- 
ward the cervix. When the abscess cavity has 
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Fig. 584. Posterior colpotomy. (A) The cervix is 
drawn upward, and an incision is placed in the 
vaginal mucosa. (B) A sagittal section showing the 
location of pus or blood in the rectouterine cul- 
de-sac (Douglas). 
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Fig. 585. Repair of a vesicovaginal fistula. 





Fig. 586. Repair of a rectovaginal fistula. 


been entered, a finger is inserted to explore, 
and the opening is enlarged sufficiently so that 
drainage may be instituted. 


Vesicovaginal Fistulae 


Birth injuries, surgery, radium burns and car- 
cinoma are the chief causes of such fistulae. 
Reich and Wilkey have described a combined 
gynecologic and urologic technic to treat this 
condition. The cystoscopist passes a ureteral 
catheter into the bladder via the urethra and 
then through the fistula into the vagina (Fig. 
585). An incision is made in the vaginal wall, 
and the bladder is freed. A purse-string suture 
is placed and tightened simultaneously with 
upward withdrawal of the catheter. Reinforc- 
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ing sutures and repair complete the proce- 
dure. 


Rectovaginal Fistulae 


These fistulae may result from carcinoma of 
the cervix or the rectum, the repair of a com- 


plete perineal laceration, and operations for 
abscesses and fistulae-in-ano. Smaller fistulae 
above the level of the sphincter ani may be 
closed according to the technic of V. C. David. 
A circular incision is made around the fistula, 
and the fistulous tract is inverted into the rec- 
tum (Fig. 586). 


SECTION 8 SUPERIOR EXTREMITY 


Chapter 37 


Shoulder 


The shoulder is divided topographically into 
the axillary, the pectoral, the deltoid and the 
scapular regions. 

The cutaneous nerve supply of this region 
is derived from the supraclavicular, the axil- 
lary, the medial antibrachial cutaneous, the 
medial brachial cutaneous and the intercosto- 
brachial nerves (Fig. 587). 


Axillary and Pectoral 
Regions 


Axilla 


The axilla is an anatomic pyramid situated be- 
tween the medial side of the upper arm and 
the upper lateral side of the chest wall. Since 
it is pyramidal in shape, it consists of 4 walls, 
an apex and a base. 


Walls. The four walls are the anterior, the 
posterior, the medial and the lateral (Fig. 588). 
The anterior (pectoral) wall is composed of 
a superficial layer (pectoralis major muscle 
with its enveloping fascia) and an inner or 
deeper layer (pectoralis minor and subclavius 
muscles with their enveloping clavipectoral 
fascia). The posterior (scapular) wall is 
formed by the scapula, which is covered by 
the subscapularis, the latissimus dorsi and the 
teres major muscles. The medial (costal) wall 
consists of the upper ribs (2nd to 6th) and the 
serratus anterior muscle; the lateral (hu- 
meral) wall is formed by the humerus (bicipi- 
tal groove). This groove lodges the long head 


of the biceps tendon, and its lips give attach- 
ment to the muscles of the anterior and the 
posterior axillary walls. The long head of the 
biceps tendon is covered by the short head 
of the biceps and the coracobrachialis. 


Apex. The axillary apex is blunted and trian- 
gular and is bounded by 3 bones: anteriorly 
by the clavicle, posteriorly by the upper bor- 
der of the scapula and medially by the first 
rib. 


Base. The base of the axilla is made up of 
skin, subcutaneous tissue and axillary fascia, 
the latter extending from the lower border 
of the pectoralis major muscle to the latissimus 
dorsi (Fig. 588). Occasionally, a small strip of 
muscle extends from the latissimus dorsi to 
the structures deep to the pectoralis major; 
this forms the anomalous axillary arch. 


Pectoral Region 


Fasciae. There are 2 fasciae in the pectoral 
region, namely, the pectoral fascia proper and 
the clavipectoral fascia (Fig. 590). 

The pectoral fascia proper (Fig. 590 B) is 
attached above to the anterior superior aspect 
of the clavicle; it passes down to ensheath the 
pectoralis major muscle and then blends with 
the axillary fascia in the floor of the axilla. Me- 
dially, it is attached to the sternum and is con- 
tinuous below and medially with the serratus 
anterior and the external oblique muscles. 
Laterally, it blends with the fascia of the arm. 

The clavipectoral fascia lies deep to the 
pectoral fascia proper (Fig. 590). Vertically, 
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Superior Extremity: Shoulder 


Fig. 587. The cutaneous nerve supply of the shoulder: (A) anterior view; (B) posterior view. 


it extends from the clavicle above to the dome 
of the axillary fascia below, thereby acting as 
a suspensory ligament for the axillary fascia. 
It is interrupted in its vertical path by the 
subclavius and the pectoralis minor muscles, 
both of which it separates and encloses. That 
portion of the clavipectoral fascia which lies 
between the subclavius and the pectoralis mi- 
nor muscles is called the costocoracoid liga- 
ment (membrane); it is attached laterally to 
the coracoid process and medially to the lst 
and the 2nd costal cartilages. The suspensory 
ligament is that part of the clavipectoral fascia 
which lies between the pectoralis minor and 
the axillary fascia. The costocoracoid ligament 
is pierced by the cephalic vein, which drains 
into the axillary vein; the thoracoacromial ar- 
tery, a branch of the axillary artery; the ante- 
rior thoracic nerves to the pectoral muscles; 
and lymph vessels from the upper outer qua- 
drant of the breast. 


Muscles. The pectoralis minor muscle is the 
key structure to the axillary and the pectoral 


regions; its position and relations to the bra- 
chial plexus and the axillary vessels are impor- 
tant surgically (Fig. 591). The pectoralis minor 
is a triangular muscle which has its origin from 
the 3rd, the 4th and the 5th ribs near their 
costochondral junctions, and its insertion on 
the medial border of the coracoid process of 
the scapula. The coracoid lies 1 inch below 
the clavicle, barely covered by the anterior 
border of the deltoid muscle. The pectoralis 
minor is covered by the pectoralis major, 
which lies on the same plane as the deltoid 
muscle. 

The deltopectoral groove is situated be- 
tween the deltoid and the pectoralis major 
muscles. 

The cephalic vein runs in this groove, 
crosses the anterior surface of the pectoralis 
minor muscle and pierces the costocoracoid 
membrane before emptying into the axillary 
vein. The cephalic vein is an important surgi- 
cal guide to the axillary vein and the axillary 
artery, and it acts as a compensatory vein 
when the axillary can no longer function. 


Axillary and Pectoral Regions 
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(costal) wall and a lateral (humeral) wall. The vari- 
ous walls and views are depicted. 


Axillary Sheath. If the pectoralis minor mus- 
cle is severed and reflected downward with 
its clavipectoral fascia, the axillary vessels and 
the brachial plexus do not immediately come 
into view because they are covered by a con- 
nective tissue layer known as the axillary 
sheath; this is a lateral prolongation of the 
prevertebral layer of fascia traveling down the 
arm as far as the elbow (Fig. 592). The fascia 
passes over the scalenus muscles, the brachial 
plexus and the subclavian artery. On leaving 
the neck, on their way to the axilla, these ves- 
sels and nerves pierce this fascia and carry a 
tubular sheath of it along with them. 
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Fig. 590. The clavipectoral fascia. (A) Seen from in front after reflecting the pectoralis major muscle. 


(B) Sagittal section; the pectoral fascia is also shown. 


Veins 


The axillary vein is the first structure to ap- 
pear following incision into the axillary sheath 
(Fig. 591). It is formed by the junction of 3 
veins of the superior extremity: the 2 vena 
comites of the brachial artery (the brachial 
veins) and the basilic vein, which pierces the 
deep fascia in the middle of the arm. The axil- 
lary vein begins at the lower border of the 
teres major muscle and continues to the outer 
border of the lst rib, where it becomes the 
subclavian vein. The latter joins the internal 
jugular to form the innominate vein. Some- 
times the union of the basilic and the brachial 
veins does not take place until the clavicle 
is reached; in such instances a single-trunk ax- 
illary vein may not exist or may be very short. 


When the arm is abducted, the vein covers 
the axillary artery and conceals it. This inti- 
mate relationship between the artery and the 
vein explains the not-too-infrequent appear- 
ance of arteriovenous aneurysms in this re- 
gion. The tributaries of the axillary vein corre- 
spond to the branches of the axillary artery. 


Arteries 


The axillary artery is a continuation of the 
subclavian and is about 6 inches in length (Fig. 
591). It starts at the outer border of the lst 
rib and ends at the lower border of the teres 
major muscle, where it becomes the brachial 
artery. The pectoralis minor muscle divides 
the axillary artery into 3 parts (Fig. 593). The 
first part lies proximal to the pectoralis minor 
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Fig. 591. The pectoralis minor muscle and its rela- 
tions. The pectoralis major muscle has been re- 
flected, and the clavipectoral fascia has been re- 


muscle under the costocoracoid membrane 
and has one branch, the highest or superior 
thoracic artery. The second part lies behind 
the pectoralis minor muscle, is the shortest 
part and has 2 branches, the thoracoacromial 
and lateral thoracic arteries. The third part 
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Fig. 592. The axillary sheath. The prevertebral 
layer of deep cervical fascia gives off a fascial pro- 
cess which is continuous down the arm as the axil- 
lary sheath. 
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lies distal to the pectoralis minor muscle, is 
the longest part and has 3 branches: the sub- 
scapular, the anterior humeral circumflex and 
the posterior humeral circumflex arteries. It 
is well to remember that part one has 1 
branch; part two has 2 branches and part 
three has 3 branches. 

The superior thoracic artery is the lst 
branch of the axillary artery and the only 
branch of part one. It is usually small, runs 
medially and supplies the muscles of the first 
two intercostal spaces. 

The thoracoacromial artery arises from the 
2nd part as a very short trunk but is of consid- 
erable size. Winding around the upper border 
of the pectoralis minor muscle, it pierces the 
costocoracoid membrane and divides into 4 
branches: the pectoral, the acromial, the del- 
toid and the clavicular. The deltoid branch 
accompanies the cephalic vein in the delto- 
pectoral groove. 
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Fig. 593. The pectoralis minor muscle divides the axillary artery into 3 parts. 


The lateral thoracic artery also arises from 
the second part of the axillary artery, but it 
follows the lower border of the pectoralis mi- 
nor muscle to the chest wall. It does not ac- 
company the long thoracic nerve, as is com- 
monly thought. The latter is found with the 
terminal part of the subscapular artery. 

The subscapular artery is the largest branch 
of the axillary artery. It arises near the lower 
border of the subscapularis muscle, along 
which it descends accompanied by its venae 
comites (Fig. 591). The subscapular artery sup- 
plies the posterior axillary wall (subscapularis, 
teres major and latissimus dorsi muscles). Al- 
though it is the vessel of the posterior wall, 
it terminates on the medial wall (serratus ante- 
rior muscle). Branches of this artery accom- 
pany the nerve supply to the subscapularis, 
the teres major and the latissimus dorsi mus- 
cles. The nerve to the latissimus dorsi muscle 
is the thoracodorsal; hence, that part of the 
subscapular artery which runs with it is called 
the thoracodorsal artery. The terminal 
branches of the subscapular artery send twigs 


to the serratus anterior muscle, and here the 
artery is accompanied by the nerve supply 
to that muscle (the long thoracic nerve). The 
subscapular artery also gives rise to the cir- 
cumflex scapular artery, which passes through 
the triangular space on its way to the dorsum 
of the scapula. 

Anterior and posterior circumflex humeral 
arteries form an arterial ring around the surgi- 
cal neck of the humerus. The anterior lies be- 
hind the biceps and the coracobrachialis mus- 
cles, and the posterior accompanies the 
axillary nerve through the quadrilateral space 
to reach the deep aspect of the deltoid muscle 
(Fig. 619). The 3 branches of the 3rd part of 
the axillary artery may arise from a common 
trunk. 


Brachial Plexus 


To visualize the brachial plexus as a whole, 
it must be followed from its origin in the neck, 
through the axilla and into the superior ex- 
tremity (Figs. 594 and 595). 


Axillary and Pectoral Regions 
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Fig. 594. The brachial plexus. The “formula” for the plexus may be presented as follows: 5 rami (roots) 
= 3 trunks = 6 divisions = 3 cords = the nerve supply (branches) to the superior extremity. 


The following facts should be kept in mind 
to understand the brachial plexus: (1) It is 
made up of the anterior rami of the 5th to 
the 8th cervical nerves and the lst thoracic 
nerve, with communications from the 4th cer- 
vical and the 2nd thoracic. (2) The plexus is 
arranged so that 5 rami (roots) = 3 trunks = 
6 divisions = 3 cords = nerve supply 
(branches) to the upper extremity. (3) The 
roots and the trunks lie in the neck; the divi- 
sions are behind the clavicle, and the cords 
and the branches are in the axilla. (4) The roots 
and the trunks are in relation to the subclavian 
artery; the cords are in relation to the lst and 
the 2nd parts of the axillary artery. (5) The 
cords become branches at the lower border 
of the pectoralis minor muscle (3rd part of 
the axillary artery). 

The 5th and the 6th cervical roots join to 
form the upper trunk; the 7th cervical forms 
the middle trunk; and the 8th cervical and 
the lst thoracic form the lower trunk. Each 
trunk divides into an anterior and a posterior 


division. The 3 posterior divisions join to form 
the posterior cord; the anterior divisions of 
the upper and the middle trunk unite to form 
the lateral cord; and the anterior division of 
the lower trunk continues alone as the medial 
cord. Branches arise from the roots, the trunks 
and the cords; no branches have their origin 
from the divisions. 


Branches. The branches (Fig. 595) arising 
from the roots are: dorsal scapular (to the 
rhomboids), C 5; long thoracic (to the serratus 
anterior), C 5, 6 and 7; muscular branches (to 
the 3 scalenii and longus coli muscles). The 
branches arising from the trunks are: supra- 
scapular (to the supraspinatus and the infraspi- 
natus), C 5 and 6; subclavius (to the subcla- 
vius), C 5 and 6. The branches arising from 
cords are as follows: from the lateral cord, 
the lateral anterior thoracic (to the pectoral 
muscles), C 5, 6 and 7; the musculocutaneous 
(to the biceps, the coracobrachialis and the 
greater part of the brachialis), C 5, 6 and 7; 
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Fig. 595. Diagram showing the construction of the brachial plexus. 


the lateral head of the median, C 5, 6 and 
7. From the medial cord arise the medial an- 
terior thoracic (to the pectoral muscles), C 8 
and T 1; the medial head of the median, C 
8 and T 1; the ulnar, C 8 and T 1; medial 
cutaneous nerve of the forearm, C 8 and T 
1; medial cutaneous nerve of the arm, T 1. 
From the posterior cord arise the radial, C 
5, 6, 7 and 8 and T 1; axillary (to the deltoid 
and the teres minor), C 5 and 6; thoracodorsal 
(to the latissimus dorsi), C 6, 7 and 8; upper 
subscapular (to the subscapular), C 5 and 6; 
and lower subscapular (to the teres major), 
C 5 and 6. 


Relation of Brachial Plexus to Axillary Artery. 
The brachial plexus arises in the neck and 
takes a downward course; the axillary artery 
travels upward from the chest (Figs. 591 and 
596). Therefore, the plexus lies lateral to the 
subclavian artery. The 3 cords of the plexus 
are placed around the second part of the axil- 
lary artery and in this way receive their 
names. Thus, the lateral cord lies lateral to 
the artery, and the posterior behind it. Since 
all the nerves lie lateral to the artery in the 
neck, it must follow that the medial cord 
crosses the artery to assume its medial posi- 


tion. This it does by running behind part one 
of the axillary artery. Most of the branches 
of the plexus are grouped around the 3rd part 
of the artery. The musculocutaneous nerve 
lies lateral to the median nerve, and both of 
these lie lateral to the artery. In the groove 
between the axillary artery and vein 2 nerves 
are found: the medial cutaneous nerve of the 
forearm and the deeper lying ulnar nerve. Be- 
cause of this arrangement these nerves usually 
are confused with each other. The medial cu- 
taneous nerve of the arm passes along the me- 
dial border of the vein. The axillary and the 
radial nerves separate the axillary artery from 
the subscapular muscle, and the radial nerve 
alone separates the artery from the latissimus 
dorsi and the teres major muscles. 


Surgical Considerations 


Brachial Plexus Palsy 


Brachial plexus lesions are divided into those 
lesions which involve the entire plexus or only 
the upper, the middle or the lower portions 
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Fig. 596. Relations of the brachial plexus. The pectoralis minor muscle and the axillary vein have been 
removed; the lateral and the medial cords of the brachial plexus are retracted upward. 


(Fig. 597). When the entire plexus is involved, 
either from injury or pressure, the following 
features are noted: complete anesthesia of the 
lower part of the arm, the forearm and the 
hand, and flaccid paralysis of the superior ex- 
tremities, with eventual wasting of the mus- 
cles. 


Upper radicular ay pero 
(Reb. Duchenne) 5C & Sc 


Middle radicular | 







syndrome TC 


Lower radic wular 
Syndrome 
T ac č. yy 


Ss 


Fig. 597. Three types of brachial plexus palsy. 


Erb-Duchenne (upper arm) paralysis is the 
most common type of nerve injury occurring 
at birth; it involves the 5th and the 6th cervi- 
cal nerves. It may occur during the course 
of a complicated delivery, with marked down- 
ward traction on the head, resulting in a wid- 
ening of the angle between the head and the 
shoulder. The injury usually is located where 
the 5th and the 6th cervical nerves join to 
form the upper trunk of the plexus; this is 
known as Erb’s point and is the spot where 
6 nerves meet, namely, the 5th cervical root, 
the 6th cervical root, the anterior division of 
the upper trunk, the posterior division of the 
upper trunk, the suprascapular nerve and the 
nerve to the subclavius muscle. The hand 
hangs at the side in internal rotation with the 
forearm pronated and the fingers and the 
wrist flexed. This is referred to by some as 
the “headwaiter’s tip hand.” External rotation 
and abduction are lost at the shoulder, as are 
flexion and supination of the forearm. The 
clinical appearance is produced by a paralysis 
of the abductors and the lateral rotators of 
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the shoulder (deltoid, supraspinatus and in- 
fraspinatus) plus a paralysis of the flexors of 
the elbow (biceps, brachialis and brachio- 
radialis); a weakness of the adductors and the 
medial rotators of the shoulders (pectoralis 
major, teres major, latissimus dorsi, subscapu- 
laris) also results. The pronator teres, the supi- 
nator, the flexors of the wrist and the thenar 
muscles may be slightly involved. 

The middle arm type lesion (middle radicu- 
lar syndrome) involves the 7th cervical nerve 
and produces a paralysis of the entire radial 
nerve except its branch to the brachioradialis; 
there is also a paralysis of the coracobrachialis. 

Klumpke (lower arm) paralysis is usually 
the result of upward traction on the shoulder. 
It also may result from injuries or during 
breech presentations when the arms are 
placed over the head. The lesion involves the 
8th cervical and the Ist thoracic nerves. It 
results in a paralysis of the intrinsic muscles 
of the hand and a paralysis of the flexors of 
the digits. A “claw” hand results. There is also 
diminished sensation over the medial side of 
the arm, the forearm and the hand. 

A frequent cause of injury to the brachial 
plexus is participation in contact sports. Upper 
limb paresis may result from one or more 
blows to the head or neck, which depresses 
the ipsilateral shoulder. The mechanism of in- 
jury seems to be traction on the brachial 





Fig. 598. Ligation of the first part of the axillary 
artery. 


Superior Extremity: Shoulder 


plexus. Examination reveals weakness of mus- 
cles innervated by the upper cervical nerve 
roots. 

The ongoing progress in electrodiagnostic 
modalities will give us more accurate informa- 
tion about the extent of the injuries. 


Ligation of the Axillary Artery 


If the axillary artery is ligated above the origin 
of the thoracoacromial, the collateral circula- 
tion is the same as that of the 3rd part of the 
subclavian artery. When ligated at its lower 
limit, the following arteries are involved in 
the collateral supply: the subscapular, the 
transverse scapular, the transverse cervical, 
the internal mammary, the intercostal, the 
thoracoacromial, the lateral thoracic and the 
anterior and the posterior humeral circum- 
flex. 

The axillary artery may be ligated in its first 
part (above the pectoralis minor muscle) or 
in its third part (below the pectoralis minor 
muscle). 

Ligation of the Ist part can be accom- 
plished by an incision extending just below 
the clavicle from the coracoid process to the 
sternoclavicular joint (Fig. 598). The clavicular 
portion of the pectoralis major muscle is in- 
cised through its whole thickness, and the pec- 
toralis minor is retracted downward. The cos- 
tocoracoid membrane is divided along the up- 
per border of the pectoralis minor, care being 
taken not to injure the axillary vein. The axil- 
lary artery is now exposed with the vein on 
its inner side and the cords of the brachial 
plexus outside and behind it. To accomplish 
the ligation it may be necessary to lower the 
arm, since the vein overlies and conceals the 
artery when the arm is abducted. 

The 3rd part of the axillary artery is superfi- 
cial and is easier to approach. The incision is 
an upward prolongation of an incision placed 
over the brachial artery. The coracobrachialis 
muscle is exposed and drawn outward with 
the musculocutaneous nerve. The basilic vein, 
which joins the brachial venae comites to form 
the axillary vein, is found on the inner side 
of the artery. The cords of the brachial plexus 
are disposed around all sides of the artery and 


Deltoid and Scapular Regions 


must be identified and retracted out of the 
way. 


Deltoid and Scapular Regions 


It is well to study the scapula in the discussion 
of the deltoid and the scapular regions, since 
this bone presents many bony surgical land- 
marks and gives attachment to the muscles 
in this region. 
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Scapula (Shoulder Blade) 


The scapula (shoulder blade) is a flat, triangu- 
lar bone which lies on the posterolateral as- 
pect of the thorax opposite the 2nd to the 
7th ribs. It has 3 borders, 3 angles, 2 surfaces 
and 2 processes (Figs. 599 and 600). 


Borders. The 3 borders are the superior, the 
medial and the lateral. 
The superior border is the shortest; it in- 
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Fig. 599. Muscle attachments to the scapula and the humerus (anterior view). Origins are represented 


in red, and insertions in blue. 
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Superior Extremity: Shoulder 





Fig. 600. Muscle attachments to the scapula and the humerus (posterior view). Origins are represented 


in red, and insertions in blue. 


clines laterally and downward from the supe- 
rior angle, where the levator scapulae is in- 
serted. The suprascapular notch is located at 
its lateral part and is converted by the supra- 
scapular ligament into a foramen which trans- 
mits the nerve of the same name. Since this 
border gives attachment only to the small 
omohyoid muscle, it remains thin and sharp. 
The medial (vertebral) border is the longest 
and is quite thick; it gives insertion to the sec- 
ond layer of back muscles (rhomboid minor, 
rhomboid major and levator scapulae). 


The lateral (axillary) border is the thickest 
of the 3. It extends from the inferior angle 
upward, laterally and forward to the glenoid 
cavity; at its upper end is the triangular im- 
pression known as the infraglenoid tubercle 
for the attachment of the long head of the 
triceps. 


Angles. The 3 angles are the superior, the 
inferior and the lateral. The obtuse superior 
angle is situated between the superior and 
the medial borders. It is covered by the tra- 
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pezius and, therefore, is difficult to feel. The 
acute inferior angle is located between the 
medial and the lateral borders and is an impor- 
tant anatomic and surgical landmark; fortu- 
nately, it is felt easily at the level of the 7th 
intercostal space when the extremity hangs 
at the side. The lateral angle, located between 
the superior and the lateral borders, forms the 
shallow glenoid cavity, which articulates with 
the head of the humerus and displays above 
its apex a slightly roughened area (the supra- 
glenoid tubercle) for the origin of the long 
head of the biceps. 


Surfaces. The 2 surfaces are the dorsal and 
the costal (ventral). The dorsal surface is un- 
equally subdivided by the spine of the scapula 
into the smaller supraspinous and the larger 
infraspinous fossae. Transverse grooves for the 
circumflex scapular artery are noted over this 
surface. The costal surface is hollow and forms 
the floor of the subscapular fossa, which is 
deepest opposite the spine. This area is cov- 
ered by the serratus anterior and the sub- 
scapularis muscles. 


Processes. The 2 processes are the coracoid 
and the acromion. 

1. The coracoid process projects from the lat- 
eral part of the superior border of the bone 
and sharply bends forward and laterally at a 
right angle. The lateral border of this process 
gives attachment to the coracoacromial liga- 
ment, which helps the acromion form an arch 
above the head of the humerus. The tip of 
the coracoid gives origin to the coracobra- 
chialis and the short head of the biceps mus- 
cles. Although this tip is covered by the ante- 
rior fibers of the deltoid, it can be felt on deep 
pressure through the lateral boundary of the 
infraclavicular fossa about 1 inch below the 
clavicle. 

2. The spine of the scapular terminates later- 
ally as the acromion process, which projects 
laterally at first and then bends sharply for- 
ward to form the acromial angle. The entire 
upper surface and borders of the acromion 
are palpable subcutaneously. Immediately in 
front of the shoulder joint it gives attachment 
to the lateral end of the coracoacromial liga- 
ment. 
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Deltoid Region. The skin over the deltoid re- 
gion is thick. Fibrous septa extend from the 
skin into the fibrous investments of the deltoid 
muscle. This area is supplied above by the 
supraclavicular nerves and below by the cuta- 
neous branches of the axillary nerve and the 
intercostal nerves (Fig. 601). 

The deep fascia covering the deltoid invests 
the muscle and sends many septa between 
its fasciculi. In front it is continuous with the 
fascia covering the pectoralis major muscle, 
and it becomes thick posteriorly, where it is 
continuous with the fascia covering the infra- 
spinatus muscle. It is continuous below with 
the deep fascia of the arm and is attached 
above to the clavicle, the acromion process 
and the spine of the scapula. 

The deltoid muscle is large, thick and trian- 
gular and covers the shoulder joint in front, 
behind and laterally (Fig. 602). It has a wide 
V-shaped origin from the lateral third of the 
clavicle (anterior border), the acromion (tip 
and lateral border) and the crest of the spine 
of the scapula (lower border). The fibers con- 
verge and are inserted into a roughened area 
called the deltoid tuberosity, which is located 
about halfway down the lateral aspect of the 
humerus. It is the great abductor of the arm. 
Most authorities agree that the first 15° of ab- 
duction of the arm are effected by the supra- 
spinatus muscle, but the deltoid continues and 
maintains it (Fig. 602 B and C). The clavicular 
fibers aid in flexion and internal rotation, and 
the posterior fibers aid in extension and exter- 
nal rotation. The muscle is supplied by the 
axillary (circumflex) nerve from C 5 and 6. 

The subdeltoid (subacrominal) bursa is one 
large bursa with subacromial and subdeltoid 
subdivisions (Fig. 603). The subacromial divi- 
sion lies between the deep surface of the acro- 
mion above and the tendon of the supraspina- 
tus muscle below. The subdeltoid division lies 
between the deltoid muscle and the upper 
and lateral aspect of the humerus. These two 
subdivisions usually communicate but occa- 
sionally are separated by a thin partition. The 
bursa does not normally communicate with 
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Fig. 601. Cutaneous nerve supply of the deltoid region. 
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Fig. 602. The deltoid muscle. (A) Origin and inser- muscle, abduction cannot be started by the deltoid 
tion of the muscle. (B) The supraspinatus muscle unless at first the arm is pushed away from the 
initiates abduction of the arm, and this is continued body. 

by the deltoid muscle. (C) With a torn supraspinatus 
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Fig. 603. The subdeltoid bursa. (A) The bursa has 2 parts: a subacromial and a subdeltoid. (B) Surface 


projection of the subdeltoid part of the bursa. 


the shoulder joint but may do so when the 
bursal floor (supraspinatus tendon) is torn. 
The long head of the biceps muscle arises 
by a round tendon from the supraglenoid tu- 
bercle on the scapula and passes through the 
shoulder joint (Fig. 604). Although it is intra- 
scapular, it remains extrasynovial, since it re- 
ceives a tubular sheath from the synovial 
membrane. The tendon and its acquired syno- 
vial sheath pass through the intertubercular 
sulcus (bicipital groove) and are held in this 
groove by a thickened part of the capsule, 
which is called the transverse humeral liga- 
ment and is attached to both tubercles. Should 
this ligament be torn, the tendon of the biceps 
becomes displaced to the medial side of the 
lesser tubercle. The tendon strengthens the 
upper part of the joint and keeps the head 
of the humerus against the glenoid cavity. 


The short head of the biceps and the coraco- 
brachialis muscles arise together from the co- 
racoid process of the scapula. The coracobra- 
chialis is slender, descends along the medial 


margin of the biceps and is inserted into the 
medial part of the humerus. The short head 
of the biceps muscle is the medial and is dis- 
cussed elsewhere (p. 698). 


Scapular Region. Three muscles, the supra- 
spinatus, the infraspinatus and the teres mi- 
nor, are attached to the greater tuberosity 
(Fig. 604). The shoulder joint is bounded 
above by the supraspinatus muscle, below by 
the long head of the triceps brachii, behind 
by the tendons of the infraspinatus and the 
teres minor, and in front by the tendon of 
the subscapularis. 

The supraspinatus muscle arises from the 
medial two thirds of the floor of the supraspi- 
nous fossa. The fibers pass laterally under the 
acromion and end in a short, stout tendon in- 
serted into the top of the greater tuberosity 
of the humerus. The supraspinatus is covered 
by the trapezius, the coracoacromial arch and 
the deltoid. Its tendon is closely adherent to 
the capsule of the shoulder joint. This muscle 
initiates the action of abduction, which is then 
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Fig. 604. The muscles of the scapular region. (A) 
The relations of the long head of the biceps and 
the long head of the triceps brachii muscles. (B) 


continued by the deltoid (Fig. 602). In cases 
of injury to the suprascapular nerve, the su- 
praspinatus and the infraspinatus muscles are 
paralyzed; in such cases the patient cannot 
initiate abduction but can carry out this action 
if he starts it with the hand of the other arm 
or swings the arm away from the side of the 
body by a quick movement. 

The infraspinatus muscle arises from the 
whole of the floor of the infraspinous fossa and 
is inserted into the greater tuberosity a little 
behind the supraspinatus. Its tendon is closely 
adherent to the capsule of the shoulder joint, 
and its lateral part is covered by the deltoid. 
At times a small bursa is found between its 
tendon and the capsule of the shoulder joint; 
if present, it may communicate with the joint. 
This muscle is a lateral rotator of the arm. 

The teres minor muscle is small and lies 
along the lower border of the infraspinatus. 
It arises from an elongated flat impression on 
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The supraspinatus, the infraspinatus and the teres 
minor muscle insert on the greater tuberosity. 


the dorsum of the scapula and is inserted into 
the back of the greater tuberosity of the hu- 
merus slightly behind the infraspinatus. As it 
approaches its insertion it is separated from 
the teres major by the long head of the triceps 
brachii (Fig. 604 B). It is adherent to the cap- 
sule of the shoulder joint and acts as an abduc- 
tor and a lateral rotator of the arm. 

The greater tuberosity of the humerus is 
reserved for the insertion of the three “SIT” 
muscles: the Supraspinatus on the anterior 
impression, the Infraspinatus on the middle 
impression and the Teres minor on the poste- 
rior impression. These muscles aid in lateral 
rotation of the arm. 

The subscapularis muscle is thick and wide 
and arises from the ventral surface of the 
scapula (Fig. 605). It does not reach the verte- 
bral border of the scapula because this is re- 
served for insertion of the serratus magnus 
muscle. Its fleshy fibers converge on a stout 
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tendon which is closely adherent to the cap- 
sule of the shoulder joint and is inserted into 
the lesser tuberosity of the humerus; this ten- 
don is seen when the joint is opened posteri- 
orly. As the muscle proceeds to its insertion, 
it passes under an arch formed by the coracoid 
process and the conjoined origin of the short 
head of the biceps and the coracobrachialis 
muscles. The subscapularis is an adductor and 
internal rotator of the arm. If it is cut verti- 
cally, it will be noted that the muscle does 
not arise from the part of the subscapular fossa 
which is near the joint; the muscle only passes 
over this part and is separated from it by a 
loose tissue which contains the subscapularis 
bursa. At this site the bursal wall and the joint 
capsule are in contact. The bursa facilitates 
the movement of the subscapularis on the 
front of the head and the neck of the humerus. 
An opening between the bursa and the joint 
tends to weaken the capsule, and at this point 
the head of the humerus may burst through 
in dislocations. 

The tendons of the supraspinatus, the infra- 
spinatus, the teres minor and the subscapularis 
converge and fuse with the capsule of the 
shoulder joint to form a common tendon, cap- 
sule “cuff” (Figs. 606 and 607). The subdeltoid 
(subacromial) bursa lies on this ‘cuff’ and the 
greater tuberosity; it is covered’ by the deltoid 
muscle, the acromion process and the coraco- 
acromial ligament. 


The Shoulder Joint 


The shoulder joint is a ball-and-socket joint 
(enarthrodial) (Figs. 606 and 607). The ball 
is the head of the humerus, and the socket 
is the glenoid cavity of the scapula. In no other 
joint are the movements so free and varied. 
The ligaments do not maintain the joint sur- 
faces in apposition; when only the ligaments 
remain, the humerus can be separated from 
the glenoid cavity for almost 1 inch. The joint 
is protected above by an arch formed by the 
coracoid process, the acromion and the cora- 
coacromial ligament; this prevents upward 
displacement of the joint. 

The ligaments of the shoulder joint proper 
are five in number: (1) the articular (capsular), 
(2) the coracohumeral, (3) the glenohumeral 
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Fig. 605. The subscapularis muscle. 


(superior, middle and inferior), (4) the trans- 
verse humeral and (5) the glenoidal labrum 
(Fig. 606). 

l. The articular capsule (capsular ligament) 
completely encircles the shoulder joint and 
is attached above to the circumference of the 
glenoid cavity beyond the glenoid labrum; be- 
low, it is attached to the anatomic neck of 
the humerus. This capsule, or ligament, is so 
remarkably loose and lax that it has no action 
in keeping the bones in contact. It is strength- 
ened above by the supraspinatus tendon, be- 
low by the long head of the triceps brachii, 
behind by the tendons of the infraspinatus and 
the teres minor, and in front by the tendon 
of the subscapularis. The weakest part of the 
capsule is its lower portion, this being partially 
due to the lax folds which are visible when 
the arm is adducted. Because of this weakness, 
dislocations of the head of the humerus take 
place through this inferior part of the capsule, 
downward and into the axilla. When such a 
dislocation occurs, the circumflex vessels and 
the nerves may be injured. 

There are usually 3 openings in the capsule: 
the lst aperature is anterior and below the 
coracoid process and establishes a communi- 
cation between the joint and the bursa be- 
neath the tendon of the subscapularis (Fig. 
607). When this aperture (subscapular bursa) 
is large, a dislocation may take place through 
it rather than the inferior aspect of the shoul- 
der joint. The 2nd aperture is not constant; 
if present, it is situated at the posterolateral 
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Fig. 606. Five ligaments surround the shoulder joint proper: (A) seen from in front; (B) lateral view 


with the humerus removed. 


part of the capsule and permits protrusion of 
the synovial membrane to form a bursa under 
cover of the infraspinatus muscle. The 3rd 
aperture is in the groove between the tuber- 
cles of the humerus; this permits passage of 
the long tendon of the biceps brachii. The 
tendon is enclosed in a tubular prolongation 
of synovial membrane which surrounds it and 
lines the bicipital groove (Fig. 607 B). The 
anticular capsule cannot extend onto the 
lesser and the greater tuberosities because the 
subscapularis, the supraspinatus, the infraspi- 
natus and the teres minor muscles insert here; 
however, it does extend inferiorly down to 
the surgical neck. 

2. The coracohumeral ligament is a broad 
band which strengthens the upper part of the 
articular capsule. It passes from the lateral 
border of the coracoid process to the front 
of the greater tubercle of the humerus, where 
it blends with the tendon of the supraspinatus. 
The ligament is connected intimately to the 


capsule by its hind and lower borders; its ante- 
rior and upper borders present a free edge 
which overlaps the capsule. 

3. The glenohumeral ligament consists of 3 
parts (Fig. 606 B). They constitute 3 bands 
which are thickenings of the anterior part of 
the capsular ligament and have been referred 
to as the superior, the middle, and the inferior 
glenohumeral ligaments. They may be thick 
enough to bulge into the joint and raise ridges 
on the synovial membrane. 

4. The transverse humeral ligament is a broad 
band which passes from the lesser to the 
greater tubercle of the humerus. It is limited 
to that portion of the bone which lies above 
the epiphyseal line and converts the intertu- 
bercular groove into an intertubercular canal 
in which the long head of the biceps brachii 
is located. 

5. The glenoid labrum is a dense fibrocartila- 
ginous lip attached to the rim of the glenoid 
cavity; it aids in deepening the socket. It is 


Muscular Attachments, Vessels, Nerves, and Bursae 


= 1 1 


VuU DSCaA PLLLATIS M |, 
Del Coid Tri.=.. 
Tiusculo- 
Cutaneous nn." d 
Ant circumflexa_ 
Median ns.. 
Medial cu- 
tancous nerve: d. 
of forearm 
Pect. major m- $- 
Axillary v. --. £ 





691 


Synovial sheath of biceps 


Fig. 607. Relations around the shoulder joint: (A) seen from the left side with the humerus removed; 


(B) the synovial sheath. 


somewhat triangular in shape and becomes 
continuous above with the tendon of the long 
head of the biceps brachii. 

The synovial membrane lines the capsular 
ligament and is prolonged onto the glenoid 
labrum and over the neck of the humerus to 
the articular margin. It supplies the long ten- 
don of the biceps with a sheath which is pro- 
longed into the bicipital groove. It becomes 
reflected upward and is continuous with the 
joint lining beneath the ligament to form bur- 


sae which have been described previously (p. 
687). 


Relations around the Shoulder Joint (Fig. 
607). Anteriorly, the subscapularis muscle 
and its bursa separate the axillary vessels and 
nerves from the joint. Above, the supraspina- 
tus and the coracoacromial ligament form an 
overhanging arch; the subacromial bursa is be- 
neath this arch and the deltoid muscle. Poste- 


riorly, there are the infraspinatus and the 
teres minor muscles. Inferiorly, there are the 
long head of the triceps, the posterior circum- 
flex vessels and the circumflex nerve, which 
lie in the quadrilateral space, and that part 
of the subscapularis which arises alongside of 
the lateral margin of the scapula. 

The circumflex (axillary) nerve and the pos- 
terior circumflex vessels separate the teres 
major and the latissimus dorsi from the infe- 
rior portion of the subscapularis muscle. Pass- 
ing through the joint and over the head of 
the humerus is the long tendon of the biceps, 
which is excluded from the joint cavity proper 
by its synovial sheath. The deltoid overlaps 
the joint anteriorly, posteriorly, laterally and 
above but does not come into contact with 
the capsule because it is separated by the cora- 
coid process, the coracoacromial ligament, the 
subacromial bursa and the muscles which at- 
tach to the tuberosities. 
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Scapular Anastomoses. Around large joints 
throughout the body there occur free arterial 
anastomoses; these are situated close to the 
bones which take part in the articulation. The 
shoulder joint is no exception to this rule (Fig. 
608). The anterior and the posterior circum- 
flex humeral arteries form an anastomosing 
circle around the upper end of the humerus 
and a free anastomosis on both the costal and 
the dorsal surfaces of the scapula. 

The scapular anastomosis takes place in the 
following way: the suprascapular artery (trans- 
verse scapular) is distributed to both supraspi- 
nous and infraspinous fossae, and the deep 
branch of the transverse cervical artery passes 
downward along the medial border of the 
scapula. These two arteries are branches of 
the subclavian via the thyrocervical trunk. 

Both the subscapular artery, which passes 
downward along the lateral border of the 
scapula, and the circumflex scapular artery, 
which arises from the subscapular, are distri- 
buted to the infraspinous fossa; both are de- 
rived from the third part of the axillary. Since 
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the suprascapular and the transverse cervical 
arteries are derived from the first part of the 
subclavian, and since the subscapular and the 
circumflex scapular are derived from the third 
part of the axillary, the scapular anastomosis 
connects these 2 widely separated vessels. On 
the thoracic wall the intercostal arteries anas- 
tomose with the transverse cervical, the high- 
est thoracic, the lateral thoracic and the scapu- 
lar arteries. 


Nerves and Movements. The nerve supply to 
the shoulder joint is derived from the supra- 
scapular, the upper subscapular and the cir- 
cumflex (axillary) nerves. 

Since the shoulder is a ball-and-socket joint, 
movements in every direction are permitted. 
Flexion (forward movement) is produced by 
the pectoralis major, the coracobrachialis, the 
anterior part of the deltoid and the biceps. 
Extension (backward movement) is produced 
by the latissimus dorsi, the teres major and 
minor, the posterior part of the deltoid, the 
infraspinatus and the long head of the triceps. 


Fig. 608. The scapular anastomoses. 


Surgical Considerations 


Abduction is brought about by the deltoid and 
the supraspinatus; adduction by the subscapu- 
laris, the pectoralis major, the teres major and 
minor, the latissimus dorsi, the coracobra- 
chialis and the long head of the triceps. The 
force of gravity aids this latter movement. Cir- 
cumduction (a combination of movements) is 
accomplished by combining the 4 preceding 
movements. Medial rotation, which is much 
stronger than lateral rotation because of the 
number of muscles brought into play, is pro- 
duced by the pectoralis major, the anterior 
part of the deltoid, the subscapularis, the latis- 
simus dorsi and the teres major. The lateral 
rotators are the infraspinatus, the teres minor 
and the posterior part of the deltoid. 


Surgical Considerations 


Surgical Approach to the Shoulder 
Joint 


Many approaches to the shoulder joint have 
been described, but the 3 used most fre- 
quently will be discussed here. 

The anterior approach is the method de- 
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scribed by Ollier and is the most popular of 
the 3 (Fig. 609). It gives access to the subdel- 
toid bursa and the upper part of the humerus 
as well as the joint. The incision is made in 
the deltopectoral groove, beginning at the co- 
racoid process and extending about 5 inches 
down the arm. The cephalic vein is exposed 
and retracted in a downward direction, and 
the deltoid muscle is retracted laterally. The 
joint capsule is hidden by the muscles which 
attach to the tuberosities: the subscapularis 
to the lesser tuberosity, and the “SIT” muscles 
(Supraspinatus, Infraspinatus and Teres mi- 
nor) to the greater tuberosity. The capsule 
can be exposed by detaching the muscles from 
their respective tuberosities or by detaching 
the tuberosities themselves. Through this ap- 
proach the vessels and the nerves are avoided. 

The posterior approach has been described 
by Kocher (Fig. 610). Although it is more diff- 
cult than the anterior, some authorities state 
that it gives better exposure of the joint. The 
incision is curved and commences over the 
acromioclavicular joint; it extends backward 
along the inner border of the acromion, then 
over the junction of the acromion with the 
spine of the scapula and ends about 2 inches 
above the posterior axillary fold. 


al 


Fig. 609. The anterior approach to the shoulder joint. 
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A finger is inserted beneath the deltoid mus- 
cle, separating it from the deeper muscles. 
The deltoid is cut away from the spine of the 
scapula to the acromioclavicular joint, leaving 
about 1⁄4 inch of muscle attached to the scapu- 
lar spine. The cut deltoid is retracted laterally, 
and by gentle traction the circumflex vessels 
and the nerve can be exposed without injury. 
The infraspinatus, the teres minor, the teres 
major and the long and the lateral heads of 
the triceps are now visible, as is the upper 
posterior aspect of the humeral shaft. If fur- 
ther exposure of the posterior aspect of the 
shoulder capsule is desired, the supraspinatus, 
the infraspinatus and the teres minor are di- 
vided near their insertions and retracted me- 
dially. 

The superior approcch is used rarely, being 
reserved for cases where bony union of the 
humerus with the scapula is desired. Through 
this method the action of the deltoid muscle 
usually is sacrificed. 


Rupture of the Supraspinatus Tendon 


This usually takes place close to the greater 
tuberosity, and most authorities are of the 
opinion that it is the most common cause of 
traumatic subdeltoid bursitis. Codman has de- 
vised a saber-cut incision which affords the 
necessary exposure. It passes posteriorly from 
the acromioclavicular joint, over the top of 
the shoulder and continues through the super- 
ficial soft structures. The acromion and its at- 
tached deltoid are then retracted laterally, 
and the superior aspect of the shoulder joint 
comes to view. The tendons overlying the hu- 
meral head and the capsule can be inspected, 
and the extent of supraspinatus tendon injury 
determined. The arm is placed in abduction, 
and a groove is cut in the anatomic neck of 
the humerus in which the edge of the tendon 
will be placed. Drill holes are made through 
the lateral edge of this groove, and fascia lata 
or a similar type of suture laces the tendon 
in place. 


Aspiration of the Shoulder Joint 


It may become necessary to withdraw fluid 
from this joint for diagnostic or therapeutic 
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purposes. There are 2 methods for aspirating 
this joint: anterior and lateral (Fig. 611). 

The anterior method is accomplished by 
placing the needle just lateral to the tip of 
the coracoid process and passing it in a back- 
ward and outward direction. 

The lateral method is accomplished by plac- 
ing the needle just lateral to the angle formed 
by the junction of the spine of the scapula 
with the acromion. The needle is then passed 
inward until the joint cavity is reached. Fluid 
in the shoulder joint can follow the long head 
of the biceps and present a swelling on the 
anterior surface of the arm, or it can commu- 
nicate with the subacromial bursa; it may es- 
cape through the weak areas of the capsule. 
At times, effusions in this joint pass under the 
deltoid muscle and appear at either the ante- 
rior or the posterior border of the muscle. 


Dislocations of the Shoulder 


This is the most frequent of all dislocations 
because of the shallowness of the glenoid fossa 
and the disproportion between the head of 
the humerus and the glenoid cavity. The cap- 
sule is protected by muscles in front and in 
back, and above by the coracoacromial arch; 
below, the capsule remains unprotected. The 
latter is the weakest part, and here the head 
of the humerus leaves the joint (Fig. 612). A 
primary subglenoid position results as the 
head tears through this weak point; the hu- 
meral head enters the axilla in front of the 
triceps. From this position it may pass either 
anterior or posterior and assume one of the 
following positions: 


Anterior. If anterior, a subcoracoid disloca- 
tion results, and the humeral head lies below 
the coracoid process and the pectoralis minor 
muscle; three fourths of all shoulder disloca- 
tions are of this type. In subclavicular (ante- 
rior) dislocations, the head lies under the clavi- 
cle and the pectoralis major muscle, a rare 
occurrence. 


Posterior. The posterior positions are: sub- 
acromial, where the head rests on the poste- 
rior angle of the acromion, the supraspinatus 
is stretched or torn, and the infraspinatus is 
relaxed; subspinous, in which the head travels 


Surgical Considerations 
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Fig. 610. The posterior approach to the shoulder joint. (A) Incision. (B) Exposure. 


from the subglenoid position in a posterior 
direction and comes to rest on the posterior 
aspect of the neck of the scapula, the sub- 
scapularis muscle usually being torn. 

Luxatio erecta is a rare form of dislocation 
in which the head of the humerus remains 
below the glenoid cavity, with the arm point- 
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ing in an upward direction along the side of 
the head. As the head continues to pass down- 
ward, it comes to lie on the serratus anterior 
muscle. 

Many methods and modifications for the 
treatment of dislocations of the shoulder have 
been described. One of the oldest and most 
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Fig. 611. Aspiration of the shoulder joint. A frontal section showing 2 routes of approach (anterior 
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Fig. 612. Dislocations of the shoulder. Primarily, or subclavicular) or posteriorly (subacromial or sub- 
a shoulder dislocation assumes a subglenoid posi- spinous). 
tion, but then it may pass anteriorly (subcoracoid 
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Fig. 613. Fracture of the clavicle. (A) The usual 
displacement. (B) Reduction in the recumbent posi- 
tion. 


widely used is Kocher’s method. It is accom- 
plished by 3 movements: the wrist is moved 
outward until the arm assumes a position of 
external rotation; external rotation and flexion 
at the elbow are maintained by moving the 
elbow forward and inward until the arm is 
nearly horizontal; the arm is rotated inward, 
and the hand is brought to the opposite shoul- 
der. By external rotation, in the lst move- 
ment, tension is relieved on the posterior 
scapular muscles, and the rent in the capsule 
is widened; in the 2nd movement, relaxation of 
the tense but untorn portion of the capsule 
is obtained, and the head of the humerus is 
permitted to enter the socket; in the 3rd 
movement, the head of the humerus is 
brought into contact with the glenoid fossa. 


Recurrent (Habitual) Dislocation of the 
Shoulder Joint. Following a traumatic dislo- 
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cation, a weak point is left; this might result 
in recurrent dislocation from trivial trauma. 
Other authorities are of the opinion that struc- 
tural weaknesses besides those in the inferior 
aspect of the capsule are the cause, and that 
all shoulder dislocations, therefore, do not 
start originally as a subglenoid variety. 


Nicola Operation 


An incision is made from the clavicle, above 
the coracoid, through the anterior border of 
the deltoid. The long head of the biceps is 
freed by dividing the transverse humeral liga- 
ment, below which the biceps is divided; the 
upper end is brought through a hole in the 
head of the humerus. This is united with the 
lower end. The capsule and other structures 
are repaired as the last stage of the operation. 


Fractured Clavicle 


The clavicle is fractured more frequently than 
any other bone in the body. The usual location 
of such a fracture is at the junction of the 
middle and outer thirds of the bone (Fig. 613). 
The medial fragment is tilted upward by the 
contractions of the sternocleidomastoid and 
the trapezius muscles, and the lateral frag- 
ment is displaced downward by the contrac- 
tions of the pectoralis, the teres major and 
the weight of the arm. 

Treatment of a fractured clavicle may be 
bothersome because direct splinting of the 
bone is difficult. All methods of closed reduc- 
tion aim at pushing the shoulder backward 
until the 2 fragments are placed in apposition 
(Fig. 613 B). The recumbent position aids such 
reduction because the muscles are relaxed, 
and the displacement due to the weight of 
the arm is relieved. 


SECTION 8 SUPERIOR EXTREMITY 


Chapter 38 


Arm (Brachial Region) 


Surface Anatomy 


The arm in the adult appears to be flattened 
from side to side because of grouping of the 
anterior and the posterior arm muscles (Fig. 
614). The fullness anteriorly is produced by 
the fleshy belly of the biceps brachii; this is 
lost under the deltoid muscle. Over the poste- 
rior aspect of the arm the fullness is produced 
by the triceps brachii muscle; this fades into 
a flattened distal appearance, produced by the 
triceps tendon. 

The medial bicipital sulcus (groove) com- 
mences in front of the posterior axillary fold 
and descends along the inner aspect of the 
arm to its lower third, where it bends 
obliquely forward to the center of the elbow. 
It separates the biceps and the coracobra- 
chialis muscles in front from the triceps be- 
hind. The groove indicates the course of the 
brachial vessels, the median nerve and the 
basilic vein. 

The lateral bicipital sulcus (groove) does not 
stand out as well as the medial. It commences 
at the middle of the arm near the insertion 
of the deltoid muscle and ends at the bend 
of the elbow. In its lower part it separates 
the biceps muscle from the brachioradialis 
and the radial extensor muscles; the cephalic 
vein ascends in this sulcus. 

The cutaneous nerve supply is depicted in 
Figure 615. 


Fascia 


The arm, or brachium, is completely invested 
by a deep fascia called the brachial aponeuro- 
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sis. This is a sleeve of tough fascia which is 
continuous with that of the forearm (Fig. 616). 
It is fixed at each side of the arm by the inter- 
muscular septa, which are attached along the 
outer and the inner margins of the humerus. 
The lateral intermuscular septum extends 
from the lateral epicondyle to the deltoid tu- 
bercle; the medial extends from the medial 
epicondyle to the insertion of the coracobra- 
chialis muscle (in the middle of the shaft of 
the humerus). This fascial arrangement di- 
vides the arm into anterior and posterior com- 
partments, which also serve to limit inflamma- 
tory exudates and hemorrhagic effusions. 
However, it is possible for such fluids to pass 
from one compartment into another by fol- 
lowing those structures which pierce the in- 
termuscular septa. 


Muscles 


Anterior Compartment 


In the anterior (flexor) compartment 3 mus- 
cles are found: the biceps, the coracobrachialis 
and the brachialis (Fig. 617). 


Biceps Muscle (Biceps Brachii). This muscle 
arises by 2 tendinous heads: the long and the 
short. 

The long head is lateral and arises from the 
supraglenoid tubercle on the scapula. Its ten- 
don passes through the cavity of the shoulder 
joint ensheathed by synovial membrane; it 
emerges from under the transverse ligament 
and occupies the bicipital groove. 

In the middle of the arm, the long head 
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Fig. 614. The arm. Multiple cross sections are shown, and to the side of these the surgical approaches 
to the neurovascular structures are indicated by arrows. 


joins the belly of the short head, which arises 
from the tip of the coracoid process. This head 
shares its origin on the coracoid process with 
the coracobrachialis muscle. The tendon of 
the biceps is inserted into the posterior part 
of the radial tuberosity. The bicipital aponeu- 


rosis (lacertus fibrosis) has been discussed else- 
where (p. 720). 

Since this 2-headed muscle crosses 2 joints, 
the shoulder and the elbow, it acts on both; 
at the shoulder joint its action holds the head 
of the humerus firmly in contact with the gle- 
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Muscles 


Trapezius m. 
Acrornion \ 


Deltoid m.: 
ii + 








Pt | 


LIL. 


ep 
Biceps 


= Ce] _ 







P 


rectorali 5 
major m. 

. ~erratus ant m. 

_ Triceps brachii m. 

A Biceps brachii m. 


Th ee Be J 
im D i ai 4i fi ] 


5 |3 A 2 
ar 7 Trl. 


A 


B I l ; IViċ Le 


Pectoralis 


minor mm. ` 


tm, 
Coraco- 


E- Drachialis-f 


a 

LIJ CRS 
Drachii rn 
f et sp 
(Short head) 


brachii rr 


P 


(long head) 


701 








Subċlavius m 





— 


£ Tat 1551 
| dorsi m. Fi 






Coraco- ¢ 

brachialis rr; 
z k= se l + ’ 
DI achial OID 


Fig. 617. The muscles of the flexor compartment of the arm: (A) seen from in front with the intact 
deltoid; (B) the deltoid has been removed; (C) the deep musculature. 


noid cavity, and at the elbow it is the strongest 
supinator of the forearm when the elbow is 
flexed. Since it is a flexor and a supinator, it 
may be stated that the biceps is the muscle 
that “puts a corkscrew in and pulls the cork 
out.” 


Coracobrachialis Muscle. This muscle runs 
parallel with and medial to the short head of 
the biceps. As its name suggests, it originates 
from the coracoid process and inserts at about 
the middle of the medial side of the humerus. 
It aids in flexion and adduction of the arm. 


Brachialis Muscle. This muscle has its origin 
by means of 2 limbs which pass to either side 
of the deltoid tuberosity. The posterior limb 
passes up into the spiral groove; the anterior 
extends upward between the insertions of the 
deltoid and the coracobrachialis. The muscle 
crosses in front of the elbow joint and inserts 
into the anterior aspect of the coronoid pro- 


cess of the ulna. It is the most powerful flexor 
of the elbow joint. 


Posterior Compartment 


Triceps Muscle. This muscle fills the posterior 
(extensor) compartment of the arm. As its 
name implies, it has 3 heads: lateral, medial 
and long (Fig. 618). 

1. The lateral head arises from the posterior 
surface of the humerus, proximal to the radial 
groove, and from the lateral intermuscular 
septum. This head is covered at its upper and 
by the posterior fibers of the deltoid muscle, 
but the remainder is superficial. This head 
converts the spiral groove into a tunnel. 

2. The medial head arises from the posterior 
surface of the shaft of the humerus, distal to 
the radial groove, and from the median inter- 
muscular septum. It is covered by the other 
2 heads, except for its lower fibers which be- 
come superficial. 
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Fig. 618. The triceps muscle: (A) superficial view; (B) deep view. 


3. The long head is tendinous and arises from 
a tubercle situated below the glenoid cavity 
(infraglenoid tubercle). This head is superficial 
throughout and passes between the teres ma- 
jor and the teres minor muscles to form the 
triangular and the quadrangular spaces. The 
fibers of the triceps muscle are inserted by a 
common tendon into the proximal surface of 
the olecranon. It is separated from the poste- 
rior ligament of the elbow joint by a small 
bursa. This muscle is the powerful extensor 
of the forearm. 


Quadrangular Space. This space does not ac- 
tually exist, but its boundaries must be artifi- 
cially separated before it can be visualized. 
As seen from behind, it is bounded by the 
teres minor muscle above, the teres major be- 
low, the long head of the triceps medially and 
the surgical neck of the humerus laterally (Fig. 
619). The boundaries of the space as seen from 
in front are the same with the exception of 


the teres minor, which is replaced by the sub- 
scapularis as the upper boundary. The circum- 
flex (axillary) nerve and the posterior circum- 
flex humeral vessels pass backward through 
the space immediately below the capsule. 


Triangular Space. This space is formed by the 
teres minor above and the teres major below; 
the long head of the triceps forms its base 
(Fig. 619). Although of little importance, the 
space acts as a landmark for the circumflex 
scapular vessels which pass through it. 


Nerves 


Circumflex (Axillary) Nerve 


The circumflex (axillary) nerve supplies an 
articular twig to the capsule of the shoulder 
joint, muscular branches to the deltoid and 
the teres minor, and cutaneous branches to 


Nerves 


703 


Anastomosis between suprascapular 
(trans. scap.) é circumflex scapular aa. 


Suprascapular n. k 


= = 


+ 


N ] š i 
R 
=a, - 


OS 
Triangular space / 
Branch of circumflex / 
Scapular a. / 

Triangular interval 
Radial n. 
Sup. profunda a. 









Tricef 


Capsule 


| Infraspinatus m. 


cutar. n. 


F 
a im cf | 
a k Y 


=n" a SEG Surgical 
ar S r neck of 

F humerus 
Deltoid. 


Space 

Circumf lex 
(axillary) n. 
Post: circumflex 
humeral a. 





! 


Fig. 619. The quadrangular and the triangular spaces. 


the skin over the lower half of the deltoid 
(Fig. 619). It arises from the posterior cord 
of the brachial plexus and descends between 
the axillary artery and the subscapularis mus- 
cle (Fig. 594). It winds around the lower bor- 
der of the subscapularis muscle, passes back- 
ward with the posterior humeral circumflex 
vessels through the quadrangular space and 
divides into anterior and posterior branches. 
The articular twig originates from the trunk 
of the nerve in the quadrangular space and 
enters the joint from below. The posterior 
branch supplies the nerve to the teres minor, 


curves around the posterior border of the del- 
toid and supplies this muscle; it continues as 
the lateral cutaneous nerve of the arm. The 
anterior branch of the nerve continues around 
the humerus with the posterior circumflex ar- 
tery and ends near the anterior border of the 
deltoid, supplying this muscle (Fig. 619). It 
also distributes a few fine twigs to the skin. 


Radial (Musculospiral) Nerve 


The radial (musculospiral) nerve travels 
through the posterior compartment of the 


704 


arm, the “tunnel,” and the anterior compart- 
ment (Figs. 614 and 620). The course of the 
nerve is more vertical than spiral, being spiral 
in only a small portion of its middle third; 
in its upper and lower thirds it is almost per- 
pendicular. In the posterior compartment of 
the arm the nerve appears as a continuation 
of the posterior cord of the brachial plexus. 
It lies on the long head of the triceps and 
appears below the lower border of the teres 
major muscle with the profunda brachii artery 
which accompanies it. It then enters the fas- 
cial plane between the long and the lateral 
heads of the triceps. The so-called “tunnel” 
is the musculospiral groove; its roof is the lat- 
eral head of the triceps, and its floor is the 
humerus proper. The radial nerve in this part 
of its course is in contact with the humerus. 
In its almost vertical descent through the 
“tunnel,” it separates the lateral from the me- 
dial head of the triceps and supplies both. The 
nerve gains access to the anterior compart- 
ment by piercing the lateral intermuscular 
septum at the junction of the lower and the 
middle thirds of the humerus. It then passes 
vertically between the supinator longus (bra- 
chioradialis) and the brachialis, where it de- 
scends vertically (Fig. 620). In the region of 
the lateral epicondyle it divides into its 2 ter- 
minal branches: the posterior interosseous and 
the radial nerves. 


Surgical Considerations of the 
Radial Nerve 


For exposure of the nerve in the posterior 
compartment, an incision is made 3 cm. below 
the acromion and is continued for 5 cm. past 
the middle of the humerus; this is in a line 
with the olecranon. The incision is carried 
through the deep fascia. At its upper end 3 
muscular structures may be identified: the 
posterior border of the deltoid muscle, and 
the long and the lateral heads of the triceps. 
The deltoid muscle is retracted laterally, and 
the 2 heads of the triceps are separated in 
their fascial planes. It may be necessary to 
incise a small part of the deltoid for more ade- 
quate exposure. After separating the 2 heads 
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of the triceps, a glistening aponeurosis (the 
teres major muscle) is exposed. Distal to this 
an incision is made in a loose areolar sheath 
which reveals the nerve and its accompanying 
vessels. 

For exposure of the nerve in its course 
through the “tunnel,” an incision is made ex- 
tending from a point 3 cm. above the level 
of the insertion of the deltoid directly down- 
ward for 12 cm. This incision is carried 
through the triceps, separating the fibers lon- 
gitudinally until the aponeurosis on its deep 
surface is seen. This aponeurosis is incised, and 
the nerve is exposed beneath it. 

The exposure of the radial nerve in the ante- 
rior (flexor) compartment is shown in Figure 
616 (p. 700). 


Arteries and Veins 


Posterior Circumflex Humeral Artery 


The posterior circumflex humeral artery arises 
from the axillary artery a short distance below 
the subscapular, passing backward through 
the quadrangular space with the circumflex 
nerve (Fig. 619). Winding around the surgical 
neck of the humerus, it is distributed to the 
deep surface of the deltoid muscle. Some of 
its terminal branches are distributed to the 
surrounding muscles, the shoulder joint and 
the skin. 


Anterior Circumflex Humeral Artery 


The anterior circumflex humeral artery is 
smaller than the posterior circumflex humeral 
artery. It passes anteriorly around the surgical 
neck of the humerus and makes an arterial 
circle by joining the posterior humeral cir- 
cumflex. 


Brachial Artery 


The brachial artery is subject to striking varia- 
tions as are other vessels in the body, particu- 
larly the arteries affecting the extremities. I 
must repeat that the description given herein 
is the most common and the most accepted 
pattern of the vessel under discussion. The 
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Fig. 620. The radial nerve. 
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brachial artery is considered to be a direct 
continuation of the axillary artery. It com- 
mences at the lower border of the teres major 
muscle and terminates about 1 inch below the 
transverse skin crease of the elbow, where it 
divides into 2 branches: a larger ulnar and a 
smaller radial. 

The pulsations of the artery can be felt along 
the medial bicipital groove throughout the 
length of the arm until the vessel disappears 
behind the lacertus fibrosus. 

The brachial artery lies successively on 3 
muscles, gives 3 main branches, is in contact 
with 3 important nerves and is associated with 
3 veins (Fig. 621). 


Muscular Bed. The 3 muscles which consti- 
tute the floor upon which the brachial artery 
runs are (from above downward): the long 
head of the triceps, the coracobrachialis and 
the brachialis. To cross the muscles in the 
above order, the vessel must pass downward 
and laterally; this it does, its course corre- 
sponding to the inner border of the biceps 
muscle. 


Branches. The 3 main branches of the bra- 
chial artery are the profunda brachii, the supe- 
rior ulnar collateral and the inferior ulnar col- 
lateral. 

The profunda brachii is a large vessel aris- 
ing from the upper part of the brachial artery, 
sometimes as high as the teres major muscle. 
It passes downward, backward and outward 
between the long and the medial heads of 
the triceps muscle; it is the companion vessel 
of the radial nerve (Fig. 620). An important 
ascending branch arises from the upper part 
of the vessel and anastomoses with the poste- 
rior humeral circumflex artery, thus connect- 
ing the axillary and the brachial vessels. Hav- 
ing traversed the musculospiral groove, the 
profunda brachii reaches the lateral intermus- 
cular septum and divides into anterior and 
posterior branches. The anterior branch fol- 
lows the radial nerve through the intermuscu- 
lar septum, passes in front of the lateral epi- 
condyles and anastomoses with the radial 
recurrent artery. The posterior branch contin- 
ues downward behind the intermuscular sep- 
tum, in back of the lateral epicondyle and 
anastomoses with the posterior interosseous 
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recurrent artery. In this way a complete arte- 
rial circle is formed around the lateral epicon- 
dyle (Fig. 632). 

The superior ulnar collateral artery has also 
been called the inferior profunda artery. It 
arises near the middle of the arm and is the 
companion vessel of the ulnar nerve (Fig. 
621). It pierces the medial intermuscular sep- 
tum, enters the posterior compartment and 
passes behind the medial epicondyle. It anas- 
tomoses with the posterior ulnar recurrent ar- 
tery. 

The inferior ulnar collateral artery has 
been called the anastomotica magna. It arises 
about 2 inches above the termination of the 
brachial artery and passes inward behind the 
median nerve. It passes in front of the medial 
epicondyle, anastomoses with the anterior ul- 
nar recurrent artery and forms an arterial cir- 
cle around the medial epicondyle. These 2 
arterial circles of the epicondyles in turn are 
connected by a branch of the inferior ulnar 
collateral artery which passes transversely 
across the back of the humerus; hence its 
name “anastomotica magna.” In this way the 
rich anastomoses are formed around the el- 
bow joint (Fig. 632). 


Nerves. The 3 important nerves which are as- 
sociated with the brachial artery are the ra- 
dial, the ulnar and the median (Fig. 621). The 
medial cutaneous nerve of the forearm lies 
to the medial side of the artery and, although 
not as important as the other 3, it still may 
cause annoying cutaneous manifestations if in- 
volved or injured. 

The radial nerve is associated with the ar- 
tery only in its upper part immediately below 
the lower border of the teres major muscle. 
Here it lies behind the artery, separating it 
from the long head of the triceps muscle. 

The median nerve is related closely to the 
brachial artery throughout its entire course. 
In the upper arm it lies lateral to the vessel 
but, as it descends, it crosses in front of the 
artery in the region of the midarm. At times 
the nerve crosses behind the vessel. As it con- 
tinues downward, it comes to lie on the medial 
side of the artery in the lower arm and elbow 
region. 

The ulnar nerve passes downward on the 
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medial side of the brachial artery, lying be- 
tween it and the basilic vein. In the middle 
of the arm the nerve pierces the medial inter- 
muscular septum and leaves the vessel. It 
should be noted that the median and the ulnar 
nerves make a “nonstop trip” through the 
arm, giving off no branches. 


Veins. The 3 veins which are associated with 
the brachial artery are its 2 vena comites (bra- 
chial veins) and the basilic. The basilic vein 
ascends in the groove on the medial side of 
the biceps muscle superficial to the deep fascia 
and medial to the artery. Halfway up the arm 
the basilic vein pierces the deep fascia and 
becomes more intimately related to the bra- 
chial artery. At a variable point, it joins the 
2 brachial veins to form the axillary. The bra- 
chial veins pass one on each side of the bra- 
chial artery and make many venous contacts 
around the artery as they ascend. 


Relationships around the Brachial Artery. 
These relationships are best described in 
thirds (Fig. 621). 

In the proximal third, the brachial artery 
lies medial to the humerus and can be com- 
pressed laterally against this bone. It is over- 
lapped laterally by the coracobrachialis mus- 
cle, from which it is separated by the median 
nerve. Both the medial cutaneous nerve of 
the forearm and the ulnar nerve lie to its me- 
dial side and separate it from the basilic vein. 
Posterior to the artery is the radial nerve, 
which separates the vessel from the long head 
of the triceps muscle. 

The middle third of the artery may be com- 
pressed backward and laterally against the 
bone. The vessel is overlapped by the medial 
border of the biceps muscle and is crossed 
from lateral to medial by the median nerve. 
The ulnar nerve is medial, but about the mid- 
dle of the arm it passes posteriorly to reach 
the posterior compartment of the arm. Poste- 
riorly, the artery lies on the brachialis and the 
insertion of the coracobrachialis muscles. The 
basilic vein and the medial cutaneous nerve 
of the forearm are separated from the vessel 
by the deep fascia. 

In the distal third, the brachial artery lies 
in front of the humerus and can be com- 
pressed backward against it. The biceps ten- 
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don overlaps it. The median nerve is medial 
to it; the ulnar nerve has passed into the poste- 
rior compartment. 


Surgical Considerations of the 
Brachial Artery 


The bifurcation of the brachial artery is not 
constant and may take place at a high level 
in the arm. Such a bifurcation may be trouble- 
some as well as embarrassing when attempt- 
ing to ligate the vessel for hemorrhage distal 
to the bifurcation. 


Ligation. The usual indications for ligation of 
the brachial artery are wounds, secondary 
hemorrhage, and hemorrhage from the deep 
palmar arch. Ligation may be done either at 
the middle of the arm or at the bend of the 
elbow. 

Ligation at the middle of the arm is accom- 
plished in the following way (Fig. 622). The 
arm is placed in abduction, and the hand in 
supination. If the arm is allowed to lie on a 
flat surface, the triceps muscle may be pushed 
upward and be mistaken for the biceps. Dis- 
section through this distorted area exposes the 
superior ulnar collateral artery and the ulnar 
nerve instead of the brachial artery and the 
median nerve. The incision is made in the 
line of the artery along the medial edge of 
the biceps muscle. The basilic vein and the 
medial cutaneous nerve of the forearm may 
be identified superficial to the deep fascia at 
this level. If seen, they are drawn to one side. 
The deep fascia is incised, and the inner fibers 
of the biceps muscle are identified and re- 
tracted upward. The artery is found lying on 
the triceps muscle, with the median nerve in 
front of it. The nerve is isolated and protected. 
The brachial artery with its 2 venae comites 
are exposed; the artery is isolated from its 
companion veins and ligated. 

The collateral circulation differs when the 
brachial artery is ligated above or below the 
profunda brachii (Fig. 621). If ligated above 
the profunda brachii, the circumflex humeral 
vessels above anastomose with the profunda 
brachii below. If ligated below the profunda 
brachii, the profunda brachii above anasto- 
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Fig. 622. Medial approach to the brachial artery. 


moses with the vessels around the elbow joint 
below. 


Humerus 


The humerus is a long cylindrical bone which 
articulates with the scapula above and with 
the radius and the ulna below (Fig. 623). 

The head of the humerus forms a 3rd of a 
sphere. It is covered with cartilage which is 
thickest in its central part and thins toward 
the circumference. The head is directed medi- 
ally, upward and a little backward. 

The anatomic neck is a constriction that sur- 
rounds the articular cartilage and gives attach- 
ment to the capsular ligament. 


Tuberosities. Projecting forward and laterally 
from the humeral head is a mass of bone which 
is divided into 2 unequal parts called the lesser 
and the greater tuberosities. The groove di- 
viding this bony mass is the bicipital (intertu- 
bercular) sulcus; it lodges the long tendon of 
the biceps. To these 2 tuberosities attach the 
tendons of the muscles which hold the head 
of the humerus in its socket. 

The greater tuberosity is the more lateral 
of the two and has been called the “point of 
the shoulder.” Although it is covered by the 
deltoid, it can be felt on deep pressure. It has 
depressions for insertion of the three “SIT” 
muscles (Supraspinatus, Infraspinatus and 
Teres minor) (p. 687). The tuberosity gradu- 


ally fades and becomes continuous with the 
shaft of the humerus. 

The lesser tuberosity is located on the front 
of the shaft and immediately below the ana- 
tomic neck. It is also covered by the deltoid 
and can be felt on deep pressure, especially 
during rotation of the bone. It provides attach- 
ment for the subscapularis muscle. 


Surgical Neck. The surgical neck of the hu- 
merus is a fingerbreadth below the tuberosi- 
ties. A region of surgical importance, it is a 
narrow zone encircled by the circumflex ves- 
sels and partially encircled by the circumflex 
(axillary) nerve. This neurovascular bundle 
hugs the bone and does not pierce the 4 mus- 
cles inserted into the greater and the lesser 
tuberosities or the 3 muscles (pectoralis major, 
teres major and latissimus dorsi) which insert 
into the medial and the lateral lips of the bici- 
pital groove. These lips descend from the tu- 
berosities and deepen the bicipital sulcus. 


Epiphyseal Line. The surgical and the ana- 
tomic necks meet medially in the region of 
the quadrangular space (p. 703). Slightly 
above the level of the surgical neck is the 
epiphyseal line, which coincides with the 
lower margin of the humeral head on the me- 
dial side, but passes through the lowest part 
of the greater tuberosity on the lateral side. 


Deltoid Tuberosity. The deltoid tuberosity is 
a roughened inverted “delta” with its apex 
downward. It is located about halfway down 
the shaft of the bone over its lateral aspect. 
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Fig. 623. The right humerus. (A) Seen from in front. The different shapes of the humerus are depicted 
in cross section taken at the various identified levels. (B) The posterior view. 


The shallow spiral (radial) groove lies immedi- 
ately behind this tuberosity and contains the 
radial nerve and the profunda artery. 


Body or Shaft. The body or shaft of the hu- 
merus is almost cylindrical in its upper half 
and prismatic and flattened in its lower half. 
The humeral body has 3 borders: anterior, 
lateral and medial. 
l. The anterior border extends from the front 
of the greater tuberosity to the coronoid fossa, 
its proximal part forming the lateral lip of the 
bicipital groove and its middle part the ante- 
rior margin of the deltoid tuberosity. 
2. The lateral border extends from the back 


of the greater tuberosity to the lateral epicon- 
dyle. It is indistinct proximally where the lat- 
eral head of the triceps arises and it is inter- 
rupted in its midportion by the oblique groove 
for the radial nerve. Its distal part is the promi- 
nent lateral supracondylar ridge. 
3. The medial border extends from the lesser 
tuberosity to the medial epicondyle and forms 
the medial lip of the bicipital groove. It is 
roughened in the middle for the insertion of 
the coracobrachialis, and its distal part be- 
comes the medial supracondylar ridge. 

The body of the humerus has 3 surfaces: 
anteromedial, anterolateral and posterior. 
1. The anteromedial surface is situated be- 
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tween the anterior and the medial margins; 
the bicipital groove forms its proximal part. 
2. The anterolateral surface is located be- 
tween the anterior and the lateral margins, 
with the deltoid tuberosity slightly above its 
midportion. 

3. The posterior surface, situated between 
the medial and the lateral margins, is occupied 
by the origin of the medial head of the triceps. 
The spiral groove begins on the posterior sur- 
face, running obliquely downward between 
the origins of the medial and the lateral heads 
of the triceps and ending below the deltoid 
tuberosity. The radial nerve and its accompa- 
nying profunda vessels lie in this groove. A 
nutrient foramen is situated near the middle 
of the medial border and another is found fre- 
quently in the spiral groove. 


Lower End of the Humerus. The lower end 
of the humerus is divided into 2 areas: the 
capitellum, which receives the head of the 
radius, and the trochlea for the trochlear 
(semilunar) notch of the ulna. The capitellum 
is sphere-shaped, and the trochlea is spool- 
shaped. 

The radial fossa is located immediately 
above the capitellum and receives the head 
of the radius during full flexion. 

The coronoid fossa, situated immediately 
above the trochlea, receives the coronoid pro- 
cess of the ulna during flexion. 

The olecranon fossa, the largest of the three 
fossae, is also situated above the trochlea; pos- 
teriorly, it receives the olecranon during ex- 
tension. 

The lateral epicondyle is placed immedi- 
ately above and lateral to the capitellum; its 
posterior aspect is broad, smooth and easily 
felt subcutaneously. 

The medial condyle is large and is felt easily 
medial to and above the trochlea; its posterior 
aspect presents a groove in which the ulnar 
nerve can be felt and rolled about. 

The metaphysis represents the line of junc- 
tion between the epiphysis and the diaphysis 
of a long bone; frequently it is the site of bone 
disease in the young. If part of the metaphysis 
is inside of the joint capsule, the disease is 
likely to involve the joint; conversely, joint 
disease may involve the shaft of the bone if 
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the metaphysis is partly within the affected 
joint. Therefore, the relationship between 
epiphyseal lines and capsular reflections be- 
comes clinically important. At the upper end 
of the humerus, the epiphyseal line passes 
around the bone at the level of the lowest 
part of the articular surface of the head (Fig. 
624). The capsule is attached to the anatomic 
neck above, but below it is attached to the 
shaft about 1 inch lower than the lowest part 
of the articular surface of the head. This ar- 
rangement places the metaphysis partly intra- 
capsular. At the lower end of the bone, the 
epiphyseal line is represented by a horizontal 
line at the level of the lateral epicondyle, the 
medial epicondyle having a separate epiphy- 
sis. The capsule follows the coronoid and the 
radial fossae anteriorly, and the distal half of 
the olecranon fossa posteriorly. Medially and 
laterally, it attaches about % inch from the 
articular margins. Therefore, the metaphysis 
is partly intracapsular. 


Attachments to the Humerus. The following 
are the attachments to the humerus (Figs. 599 
and 600). 


To the greater tuberosity: the “SIT” muscles 
(Supraspinatus, Infraspinatus and Teres 
minor). 

To the lesser tuberosity: the teres major and 
the subscapularis, both extending to the 
surgical neck. 

To the anatomic neck: above and about '2 
inch from it below and medially, the capsu- 
lar ligament of the shoulder; the coraco- 
humeral ligament extends onto the anterior 
part of the greater tuberosity. 





Fig. 624. Capsular reflections, epiphyses and meta- 
physes of the upper and the lower ends of the hu- 
merus. 
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To the bicipital groove: the transverse liga- 
ment, attached to both tuberosities, bridges 
across its proximal part; the pectoralis ma- 
jor to its lateral lip; the teres major to its 
medial lip; and the latissimus dorsi to the 
floor. 

To the lateral epicondyle: the common ex- 
tensor tendon, the lateral ligament of the 
elbow, the supinator and the anconeus. 

To the medial epicondyle: the medial liga- 
ment, the common flexor tendon and the 
pronator teres. 

To the medial margin of the shaft: the cora- 
cobrachialis. 

To the lateral margin of the shaft: the lat- 
eral head of the triceps. 

To the medial supracondylar ridge: the me- 
dial intermuscular septum and the pronator 
teres. 

To the lateral supracondylar ridge: the lat- 
eral intermuscular septum, the brachiora- 
dialis and the extensor carpi radialis longus. 
To the deltoid tuberosity: the deltoid mus- 
cle. 

From the anteromedial and the antero- 
lateral surfaces: the brachialis. 

From the posterior surface: the medial head 
of the triceps. 

To the radial and the coronoid fossae: the 
anterior ligament of the elbow; the poste- 
rior ligament attaches to the margins of the 
olecranon fossa on either side and to the 
back of the epicondyles. 


Surgical Considerations 


Fractures 


Fractures of the humerus may occur at the 
upper end, at the shaft and at the lower end. 

Fractures of the anatomic neck are intra- 
capsular, rare and occur mainly in older peo- 
ple. At times the shaft may be driven into 
the head of the bone, producing marked im- 
paction. It may become necessary to treat the 
condition surgically, so that function is im- 
proved; or it may be necessary to remove a 
loose fragment. 

Fractures of the surgical neck are extracap- 
sular and usually result from direct violence; 
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they occur mainly in young or middle-aged 
adults (Fig. 625). The deformity, although it 
may vary depending upon the relationship of 
the site of fracture to the insertion of muscles, 
remains fairly constant. The upper end of the 
lower fragment is carried upward toward the 
axilla by the pull of the deltoid, the biceps, 
the coracobrachialis and the triceps muscles. 
It is drawn medially by the pectoralis major, 
the teres major and the latissimus dorsi. The 
upper fragment is abducted by the supraspi- 
natus. In reducing the fracture, abduction of 
the arm should not be performed too force- 
fully or too rapidly because the pectoralis ma- 
jor acts as a fulcrum, and the upper end of 
the sharp lower fragment may injure the bra- 
chial plexus. Therefore, bringing the arm for- 
ward and making traction outward and for- 
ward will release the tension of the pectoralis 
major and allow the lower fragment to be 
brought into apposition. After complete re- 
duction, the position should be maintained in 
abduction, usually by means of axial traction. 

Fractures of the greater tubercle can result 
from either direct violence or muscle pull 
from the attached supraspinatus, the infraspi- 
natus and the teres minor. This type of frac- 
ture may accompany a fractured neck of the 





Fig. 625. Fracture of the surgical neck of the hu- 
merus. The arrows indicate the pull of the muscles 
which produces the deformity. 


Surgical Considerations 


humerus or an anterior dislocation. The su- 
praspinatus usually pulls the tuberosity up- 
ward and backward. The arm should be fixed 
in abduction and external rotation; if this fails, 
surgical correction becomes necessary. 

Separation of the upper humeral epiphysis 
occurs up to the 20th year and usually is the 
result of the same type of injury as causes frac- 
tures of the surgical neck. Due to action of 
the supraspinatus, the infraspinatus and the 
teres minor, the upper fragment usually is ab- 
ducted. Since the upper end of the diaphysis 
is conical, the epiphysis fits into this by a corre- 
sponding concavity (Fig. 626). This results in 
a cup and cone arrangement which makes re- 
duction difficult but immobilization easy. As 
the child grows older, the concavity of the 
epiphysis gradually becomes flattened so that 
this is altered. Reduction and immobilization 
in abduction are required. 

Fractures of the lesser tubercle are rare. The 
deformity is produced by the subscapularis, 
which pulls the fragments medially. 

Shaft fractures may occur in the upper 
third of the humerus above the deltoid attach- 
ment or, more commonly, in the middle of 
the shaft below the deltoid attachment; hence, 
the displacement and the deformity vary with 
the site of the fracture (Fig. 627). If the frac- 
ture is situated above the insertion of the del- 
toid, the upper fragment is drawn medially 
by the muscles attached to the bicipital groove 
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Fig. 626. Separation of the upper humeral epiphy- 
SiS. 
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(pectoralis major, teres major and latissimus 
dorsi), and the lower fragment is drawn up- 
ward and laterally by the deltoid (Fig. 627 
A). If the fracture is below the insertion of 
the deltoid, the upper fragment is pulled later- 
ally by the deltoid and the supraspinatus, and 
the lower fragment is displaced medially and 
upward (Fig. 628 B). The relationship of the 
radial nerve to this fracture is important. At 
about the middle of the humerus and below 
the attachment of the deltoid muscle this 
nerve lies in direct contact with the bone, and 
a sharp bony fragment may injure it. The sen- 
sory branches of the radial nerve leave at a 
higher level than this site of injury; therefore, 
the nerve symptoms are entirely motor and 
will be manifested by a wrist drop. For proper 
reduction, normal relations between the ex- 








Fig. 627. Fractures of the shaft of the humerus: 
(A) above the insertion of the deltoid muscle; (B) 
below the insertion of the deltoid muscle. 
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Fig. 628. Supracondylar fracture of the humerus. 
The close relations of the median nerve and the 
brachial artery to the sharp fractured fragments 
are shown. 


ternal epicondyle and the greater tubercle 
should be maintained. 

Supracondylar (lower end) fractures occur 
frequently in children and at that point where 
the bone is thin (the anteroposterior diameter 
immediately above the condyle). The lower 
fragment is displaced upward and backward 
and may simulate a dislocation (Fig. 628). 
However, the internal condyle, the olecranon 
and the external condyle remain in normal 
relations, which would not be true in posterior 
dislocation of the elbow. The median nerve 
and vessels in the cubital fossa may be injured, 
and the possibility of Volkmann’s ischemic 
contracture must be kept in mind. The impor- 
tance of incising the brachial fascia, following 
reduction and immobilization, has been 
stressed (Fig. 616). 

Intercondylar fractures are supracondylar 
and extend into the joint between the con- 
dyles, forming a T- or Y-shaped fracture. They 
are difficult to reduce and maintain in posi- 
tion. 

Fractures of the epicondyle may be caused 
by powerful abduction and extension of the 
elbow or by muscular action. Involvement of 
the ulnar nerve must be kept in mind when 
the medial epicondyle is fractured. The lateral 
epicondyle usually is fractured by a fall on 
the hand; this may involve the capitulum and 
the trochlear surface. 

Lower epiphyseal separation is usually seen 
in children between the ages of 5 to 10 years. 
The displacement is lateral and backward. 
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Fig. 629. Exposure of the shaft of the humerus: 
(A) incision and position of the arm; (B) the relations 
of the exposed bone to the surrounding muscula- 
ture. 


Operations on the Shaft of the 
Humerus 


Exposure of the humeral shaft is difficult be- 
cause this bone is not subcutaneous anywhere, 
and important vessels and nerves are closely 
related to it. The best approach is a lateral 
one (Fig. 629). The lower two thirds of the 
shaft of the humerus is exposed through a skin 





Fig. 630. Exposure of the neurovascular structures 
of the arm. 


Operations on the Shaft of the Humerus 


incision which extends downward from the 
medial border of the deltoid, along the lateral 
border of the biceps almost to the lateral con- 
dyle of the humerus. The cephalic vein may 
be encountered. The deltoid is retracted later- 
ally and the biceps medially, thus exposing 
the brachialis muscle. Flexion of the elbow 
will relax the brachialis tendon. The brachialis 
muscle is incised longitudinally to the bone, 
and the cut surfaces of the muscle are re- 
tracted laterally and medially. The radial 
nerve can be protected if it is retracted with 
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the posterior part of the brachialis muscle. 
Thus the lower two thirds of the shaft of the 
humerus is exposed safely. 

The neurovascular structures in the arm are 
approached through a medial incision which 
is placed in the medial bicipital groove (p. 
698). The basilic vein is encountered and is 
retracted posteriorly (Fig. 630). The medial 
border of the biceps muscle is elevated and 
retracted anterolaterally; thus the median and 
the ulnar nerves and the brachial artery, with 
its venae comites, are exposed. 


SECTION 8 SUPERIOR EXTREMITY 


Chapter 39 


Elbow 


Elbow Joint 


The elbow joint is the articulation of the hu- 
merus with the radius and the ulna; since it 
permits only flexion and extension, it belongs 
to the hinge or ginglymus variety. The troch- 
lea and the capitellum of the humerus articu- 
late respectively with the trochlear notch of 
the ulna and the head of the radius. The troch- 
lea of the humerus is grasped by the trochlear 
(semilunar) notch of the ulna, and the capitel- 
lum of the humerus rests on the upper surface 
of the head of the radius. Some anatomists 
prefer to consider the elbow joint as the result 
of 3 separate joints having one synovial cavity: 
namely, the humeroulnar, the humeroradial 
and the superior radioulnar joints. Here the 
elbow joint will be considered as having hu- 
meroulnar and humeroradial parts, and the 
superior radioulnar joint will be discussed as 
a separate joint communicating with the other 
two. 


Ligaments. The joint is surrounded by a cap- 
sular ligament, thickened and reinforced at 
the sides to form medial and lateral ligaments; 
the intervening portions are known as the an- 
terior and the posterior ligaments of the elbow 
(Fig. 631). 

The broad, thin anterior ligament is at- 
tached superiorly to the radial and the coro- 
noid fossae and the epicondyles; inferiorly, it 
is attached to the anterior margin of the coro- 
noid process and the annular ligament of the 
radius. 

The posterior ligament is placed medially 
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and is thin and weak. Superiorly, it is attached 
to the floor and the medial and the lateral 
margins of the olecranon fossa and the epicon- 
dyles; inferiorly, it is attached to the anterior 
and the lateral margins of the olecranon. 

The medial ligament (ulnar collateral) con- 
sists of 3 bands which pass between the inter- 
nal epicondyle, the coronoid process and the 
olecranon. The anterior band is strong and 
taut in extension. The posterior part is a weak 
(fan-shaped) portion which becomes taut in 
flexion; its oblique fibers, which also have been 
referred to as the ligament of Cooper, deepen 
the socket for the trochlea of the humerus. 
The ulnar nerve lies on the posterior and the 
middle parts of this ligament as it descends 
from the back of the medial epicondyle into 
the forearm. 

The lateral ligament (radial collateral) is 
fan-shaped and extends from the lateral epi- 
condyle to the side of the annular ligament. 
It is a strong, short band, the superficial fibers 
of which may be continued onto the radius 
as the supinator. It is attached below to the 
annular ligament and not to the bone. 

The epiphyseal line of the humerus and the 
radius is almost entirely intracapsular; that of 
the ulna is extracapsular. 


Synovial Membrane. The synovial mem- 
brane lines the deep surface of the capsular 
ligament but does not reach as high in the 
radial, the coronoid and the olecranon fossae 
as does the fibrous capsule. On the lateral side 
it is continuous with the synovial membrane 
of the superior radioulnar joint. The pads of 
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Fig. 631. Ligaments of the elbow joint: (A) the lateral aspect; (B) the medial aspect. 


fat which fill the coronoid, the radial and the 
olecranon fossae are intracapsular but extrasy- 
novial. The anterior fat pad projects into the 
coronoid fossa during extension of the joint, 
and the posterior projects into the olecranon 
fossa during flexion. The synovial capsule 
bulges about % inch below the lower margin 
of the annular ligament and surrounds the 
neck of the radius (Fig. 633). 


Blood Supply. The blood supply around the 
elbow joint is derived from anastomoses which 
constitute free communications between the 
brachial artery and the upper end of the radial 
and the ulnar arteries (Fig. 632). This, like all 
other periarticular anastomoses, lies close to 
the bone. Branches of 9 arteries take part in 
its formation; they are: (1) the anterior branch 
of the profunda brachii; this anastomoses with 
(2) the radial recurrent on the front of the 
lateral epicondyle; (3) the posterior branch of 
the profunda brachii anastomoses with (4) the 
interosseous recurrent on the back of the lat- 
eral epicondyle. (5) The anterior branch of 
the supratrochlear anastomoses with (6) the 
anterior ulnar recurrent on the front of the 
medial epicondyle; (7) its posterior branch and 
(8) the ulnar collateral anastomose with (9) the 
posterior ulnar recurrent on the back of the 
medial epicondyle. 


Nerve Supply. The nerve supply of the joint 
is derived from the median, the ulnar, the 
radial, the musculocutaneous and the poste- 
rior interosseous nerves. 


Post branch 


Ant branch 





Fig. 632. Anastomoses around the elbow joint. 


718 








Superior Extremity: Elbow 


Post. e 1t anggas 
nerve or Forearm 


i Interosseows 













recurrenta, : 
Tf = rye + 
Median n. Izndon of biceps 


4 . P ER s ağ n 

= Or 1çi ri ot the exc An ah & De il cL. 
tensor Carpi ulnaris mM. 

"= Anconeus ITL 
-Annular lig 


Interosseous 
recurrent a. 


~ Supinator Trì. 


| Deep branch of 
-"radial nerve 


Extensor digit- 
*“ Oru” COTNITitLLNlS rr 


--Extensor carpi ulnaris m. 


Fig. 633. The relations around the elbow joint; (A) seen from behind; (B) cross-section. 


Relations. Anteriorly, the brachialis muscle 
nearly covers the entire anterior ligament 
(Fig. 633). It separates the joint proper from 
the brachial artery, its companion veins, the 
biceps tendon and the median nerve. Medial 
to the brachialis the anterior recurrent ulnar 
artery is found related to the anterior liga- 
ment. Under cover of the muscles is the radial 
nerve, with its posterior interosseous branch 
accompanied by the radial recurrent artery. 

Laterally, the common tendon of the exten- 
sors overlies the lateral ligament of the elbow, 
and the extensor carpi radialis brevis and the 
supinator arise from it. 

Medially, the common tendon of the flexors 
overlies the anterior band of the medial liga- 
ment of the elbow; the flexor sublimis arises 
from it. The flexor carpi ulnaris overlies the 
posterior band, and the ulnar nerve and the 
posterior ulnar recurrent artery lie directly 
on it. 

Posteriorly, the triceps and its bursa lie 
above the olecranon. The anconeus and the 


interosseous recurrent artery are at the lateral 
side of the olecranon. That part of the flexor 
carpi ulnaris which originates from the olecra- 
non is found to its medial side. A fracture 
across the olecranon brings the bursa into di- 
rect communication with the joint. 


Movements. Movements at the elbow joint 
should not be confused with those that take 
place at the superior radioulnar joint. At the 
elbow joint there are two movements, 
namely, flexion and extension. The muscles 
which are chiefly concerned in flexing the 
forearm are the biceps, the brachialis, the bra- 
chioradialis and the pronator teres. Those 
which extend the forearm are the triceps and 
the anconeus; these are aided somewhat by 
the muscles arising from the lateral epicon- 
dyle. In extension, the forearm bones make 
an angle with the humerus. This is known as 
the “carrying angle” and is produced by the 
inner condyle of the humerus, which is set 
obliquely so that the axis of the elbow joint 


Elbow Region 


is transverse between the radius and the hu- 
merus but oblique between the ulna and the 
humerus. This angle disappears on full flexion, 
but in extension it is about 10 to 15°. The 
angle may be disturbed by fractures of the 
lower end of the humerus or by rupture of 
the collateral ligaments. If it is increased, the 
condition of cubitus valgus results; if it is 
obliterated, the condition of cubitus varus en- 
sues. 


Elbow Region 


The cubital (antecubital) fossa is a triangular 
depression lying anterior to the elbow joint. 
The base of this triangle is formed by an imagi- 
nary line drawn between the humeral con- 
dyle; its converging borders are the pronator 
teres medially and the brachioradialis later- 
ally. At the apex the brachioradialis overlaps 
the pronator teres; the floor is formed by the 
brachialis muscle, and the deep fascia forms 
its room (Fig. 634). 


Vessels, Fascia and Nerves 


Superficial Veins. The superficial veins of the 
cubital fossa lie in the superficial fascia. Al- 
though variable in their course and arrange- 
ment, a general plan usually can be adhered 
to. In this area 5 superficial veins are found: 
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the median basilic, the median cephalic, the 
cephalic, the basilic and the median, into 
which the profunda vein drains (Fig. 634). 

The median basilic vein lies, as its name 
implies, medial to the basilic; the median ce- 
phalic lies medial to the cephalic, and the 
cephalic lies lateral to the basilic. The cephalic 
vein arises on the radial side of the hand, from 
the dorsal venous arch, passes upward and re- 
ceives the median cephalic vein at the lateral 
epicondyle. It ascends over the lateral aspect 
of the biceps brachii and continues in the del- 
topectoral groove. It then pierces the costoco- 
racoid membrane and terminates either in the 
axillary or the subclavian vein (Fig. 590). 

The basilic vein arises on the ulnar side of 
the hand, from the dorsal venous arch, passes 
upward and receives the median basilic vein 
in front of the medial epicondyle. It ascends 
in the medial bicipital groove and pierces the 
deep fascia in the region of the middle of the 
arm. It continues as the axillary vein in con- 
junction with the two brachial veins. 

The median vein commences in the palmar 
venous plexus, ascends on the front of the 
forearm and divides at the apex of the cubital 
fossa into the median cephalic and the median 
basilic veins. This division takes place soon 
after the entrance of its chief tributary, the 
profunda vein, which drains the deeper struc- 
tures of the forearm. 

The profunda vein drains into the median. 


Fig. 634. The cubital fossa and its contents. 
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It enters the median vein at the distal edge 
of the lacertus fibrosus and, in this location, 
may be compressed as a result of trauma or 
tight bandaging. Thus the vessel can become 
obliterated and the return venous flow from 
the deeper structures of the forearm im- 
paired. This, it is thought, is one of the con- 
tributing causes of Volkmann’s contracture. 
For this reason, one of the treatments sug- 
gested for the condition is incision of the deep 
fascia to release pressure. 


Lacertus Fibrosus. The bicipital fascia, or, as 
it is more commonly called, the lacertus fibro- 
sus, lies deep to the superficial veins of the 
elbow region. It is an excellent surgical land- 
mark (Fig. 634). 

The biceps brachii is inserted into the tuber- 
osity of the radius by means of a flat tendon. 
However, some of the fibers of this muscle 
do not pass into the formation of this tendon 
but continue on as a flat tendinous expansion 
which passes medially and distally to fuse with 
and become lost in the fascia of the forearm. 
This flat tendinous expansion is called the 
lacertus fibrosus; it also has been referred to 
as the biciptal aponeurosis. It occupies the 
middle of the front of the elbow region and 
is about % inch wide. 

The lacertus is the key structure of this re- 
gion. The pulsations of the brachial artery can 
be felt immediately beneath its free medial 
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margin. Full extension of the forearm facili- 
tates the palpation of the artery by relaxing 
the bicipital fascia; the median nerve lies just 
medial to the brachial artery. 


Lateral Antibrachial Cutaneous Nerve. The 
lateral antibrachial cutaneous nerve is the 
continuation of the musculocutaneous nerve; 
it pierces the lacertus fibrosus, runs under the 
median cephalic vein, becomes superficial and 
divides into anterior and posterior branches 
which supply the skin over the anterolateral 
and the posterolateral aspects of the forearm 
(Fig. 641). 


Medial Antibrachial Cutaneous Nerve. The 
medial antibrachial cutaneous nerve, a 
branch of the medial cord of the brachial 
plexus, divides at the middle of the arm into 
a volar and an ulnar branch. The volar branch 
passes under the median basilic vein and sup- 
plies the skin of the ulnar half of the forearm 
as far as the wrist. 

Four structures are found on the lacertus 
fibrosus: the median cephalic vein, the median 
basilic vein, the lateral antibrachial cutaneous 
nerve and the medial antibrachial cutaneous 
nerve (or the branches of these nerves). 

When the lacertus fibrosus is cut and re- 
flected, the underlying brachial artery and 
median nerve are exposed (Fig. 635). The bra- 
chial artery and its venae comites are just me- 





Fig. 635. The cubital fossa and its contents after cutting the lacertus fibrosus. 
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dial to the biceps tendon, and the median 
nerve in turn is medial to the artery. The ra- 
dial nerve can be found lateral to the biceps 
tendon in a compartment between the bra- 
chioradialis and the brachialis muscles. The 
groove between these muscles may be difficult 
to determine, owing to the absence of a well- 
marked septum. The usual error is to open 
the interval immediately between the bra- 
chialis and the biceps muscles, thereby expos- 
ing the musculocutaneous nerve instead of the 
radial. Therefore, it is advisable to hug the 
lateral border of the biceps tendon and seek 
the interval between the brachioradialis mus- 
cle and the biceps tendon. Lateral retraction 
of the brachioradialis will expose the radial 
nerve where it divides into superficial and 
deep branches. 

The brachial artery can be felt along the 
medial bicipital groove throughout the length 
of the arm until it disappears behind the lacer- 
tus fibrosus. It passes through the cubital fossa 
under the lacertus fibrosus and divides into 
a larger ulnar and a smaller radial artery. This 
division takes place at the level of the coronoid 
process of the ulna and the neck of the radius. 
These structures are located about 1 inch be- 
low the distal elbow crease. 


Ulnar and Median Nerves. The ulnar and the 
median nerves give off no branches in the 
arm; they make a “nonstop” trip through it. 
The ulnar nerve lies medial to the brachial 
artery until it reaches the middle of the arm, 
where it pierces the medial intermuscular 
septum to reach the posterior compartment. 
The superior ulnar collateral artery accompa- 
nies it at this point. The nerve passes to the 
back of the medial epicondyle and then on 
into the forearm. The median nerve lies lat- 
eral to the brachial artery at its beginning but 
crosses it obliquely and then lies medial to 
it in the cubital fossa. This crossing usually 
takes place in front of the artery. 


Posterior or Olecranon Region 


The olecranon region includes the posterior 
soft parts of the elbow; the joint coverings are 
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thin, and the articular extremities of the bones 
are felt easily (Fig. 636). 

A knowledge of the surface landmarks in 
this region is essential. Both of the humeral 
epicondyles are subcutaneous and readily pal- 
pable, but the medial epicondyle is the more 
prominent. A rather deep but narrow medial 
paraolecranon groove separates the medial 
epicondyle from the olecranon. The ulnar 
nerve can be felt passing through the poste- 
rior aspect of this groove. The lateral epi- 
condyle is palpated most easily with the arm 
semiflexed, but when the arm is in full exten- 
sion, this condyle is hidden in a small depres- 
sion bounded by the anconeus muscle medi- 
ally and the extensor carpi radialis muscle 
laterally. In the region of the paraolecranon 
groove the joint capsule and the synovia are 
nearest to the surface. 

When the forearm is extended, the inter- 
condylar line is horizontal and passes through 
the proximal border of the olecranon (Fig. 636 
B). However, when the forearm is flexed, the 
olecranon becomes prominent and appears 
below the horizontal level of the intercondy- 
lar line. When the forearm is flexed to a right 
angle, the olecranon lies on the same plane 
as the posterior surface of the shaft of the hu- 
merus. In this last-mentioned position it forms 
the apex of an inverted triangle, the base of 
which is located at a line drawn between the 
epicondyles of the humerus. In full flexion of 
the forearm, the olecranon is carried down- 
ward and lies anterior to the articular end of 
the humerus. 

Distal to the lateral epicondyle and in a de- 
pression which marks the site of the humero- 
radial joint, the projecting head of the radius 
can be felt, especially on rotary movements 
produced through supination and pronation. 
With the forearm flexed, the head of the ra- 
dius lies about 1 inch anterior to the lateral 
epicondyle, the interval separating them be- 
ing occupied by the capitellum of the hu- 
merus. With the forearm in complete exten- 
sion, a distinct depression appears 
immediately proximal to the head of the ra- 
dius; this corresponds to the lateral and the 
posterior parts of the radiohumeral joint. An 
effusion in this joint obliterates this depres- 
sion. 
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Fig. 636. The posterior or olecranon region: (A) bony and muscular landmarks; (B) the varying bony 


relationships in flexion and extension. 


The skin over the back of the elbow is 
thicker than that over the front; it moves with 
great freedom over the underlying parts. 

The olecranon bursa is situated between 
the dorsal surface of the olecranon process, 
the tendinous expansion of the triceps muscle 
and the skin (Fig. 636). Enlargements or in- 
volvements of this bursa result in the condi- 
tion known as “‘miner’s elbow,” which is asso- 
ciated with constant bruising as is produced 
when working in small and confined spaces. 

The tendon of the triceps brachii is situated 
proximal to the joint line where it inserts into 
the olecranon. 

The anconeus muscle is the only muscle 
which legitimately belongs to this posterior 
elbow region; throughout its extent it is palpa- 
ble in the lateral olecranon groove. 

The flexor carpi ulnaris muscle arises from 
the medial epicondyle and the medial surface 
of the olecranon. 

The ulnar nerve reaches the elbow behind 
the medial intermuscular septum and can be 
palpated in the medial olecranon groove. It 


lies in contact with the periosteum under an 
expansion of the triceps tendon. The nerve 
leaves the paraolecranon region between the 
heads of origin of the flexor carpi ulnaris mus- 
cle. It may be drawn from its bed and brought 
around the medial epicondyle to a more pro- 
tected position during surgery. 

The arteries of the back of the elbow are 
part of a network made up of the collateral 
branches of the brachial, the radial and the 
ulnar trunks which serve as a collateral anasto- 
mosis when the main brachial trunk is in- 
volved (p. 717). 


Surgical Considerations 


Surgical Approach to the Elbow Joint 


There are many approaches to the elbow joint; 
each has its advantages and disadvantages. 
Some authorities believe that the lateral ap- 
proach is the safest. The medial approach is 
hazardous. A posterolateral approach has also 
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been used. Herein described is a posterior ap- 
proach, using a U-shaped (MacAusland) inci- 


sion. It begins at the external epicondyle of 


the humerus, extends downward and medi- 
ally, crosses the ulna 2 inches distal to the 
dip of the olecranon and continues up to the 
medial epicondyle (Fig. 637). The resulting 
flap is dissected upward, and the olecranon, 
with the attached triceps tendon, is exposed. 
The ulnar nerve is isolated and retracted me- 
dially, and the lateral expansions of the triceps 
tendon are divided transversely. The olecra- 
non is divided with an osteotome and is re- 
tracted upward with its muscle attachment. 
The lateral and the medial muscles in this re- 
gion are stripped subperiosteally and re- 
tracted. A wide exposure results. 


Dislocation of the Elbow 


Dislocation of the elbow involves one or both 
bones of the forearm and may be backward, 
forward, lateral or medial. With these injuries, 
the ulnar and the radial collateral ligaments 
and the articular capsule usually are torn, and 
either condyle may be fractured. 

Posterior dislocation of both bones is the 
most common type; it usually results from a 
fall on the outstretched hand (Fig. 638). The 
fibers of the brachialis muscle attaching to the 





Fig. 637. The posterior “U” approach to the elbow 
joint: (A) incision; (B) the resulting wide exposure 
of the joint following division of the olecranon. 
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Fig. 638. Posterior dislocation of both bones of the 
forearm. 


coronoid process usually are torn. If the dislo- 
cation is complete, the head of the radius lies 
behind the lateral epicondyle, and the distal 
end of the humerus falls into the cubital fossa. 
As a result of this, the arm and the forearm 
are semiflexed and at an angle of about 120°. 
The olecranon projects posteriorly as a hump; 
the normal relations between the humeral 
condyle and the olecranon are changed, and 
the olecranon is found above and behind its 
normal line. 

Anterior dislocation of both bones is rare. 
It results from trauma to the olecranon when 
the elbow is flexed. The olecranon then lies 
anterior to the trochlea. 

Lateral and medial dislocations are also 
quite rare and occur from falls on the pro- 
nated and outstretched hand. 


Arthroplasty of the Elbow 


This operation forms an artificial joint and is 
indicated when an ankylosis is present in a 
poor position (complete extension). Two longi- 
tudinal posterior incisions are made, passing 
on each side of the olecranon. A single poste- 
rior incision also has been used. The 2 incisions 
are deepened down to the bony structure; the 
musculospiral nerve is located through the ra- 
dial incision. The ulnar nerve is found behind 
the internal condyle of the humerus and is 
protected. The soft parts are retracted, and 
the ankylosed joint is exposed. The lower end 
of the humerus is removed in such a way that 
a convex rounded end results. The ulnar end 
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Fig. 639. Aspiration of the elbow joint. 


is removed, but its end remains concave. It 
may or may not be necessary to include the 
radial head in the arthroplasty. Fascia and fat 
flaps are formed from the radial and the ulnar 
aspects of the arm and the forearm and are 
placed over the ends of the bones; these flaps 
are sutured to the capsule and the periosteum. 
If no capsule remains, or if it is destroyed, 
the flaps are sutured to the surrounding soft 
tissues. The wounds are closed, and the elbow 
is immobilized at a right angle. Fascia lata 
transplants also have been used and sutured 
to the capsule. 


Superior Extremity: Elbow 


Aspiration of the Elbow Joint 


The part of the joint which is closest to the 
surface lies posteriorly between the head of 
the radius and the lateral condyle of the hu- 
merus (Fig. 639). The joint should be flexed 
to a right angle and the forearm placed in a 
position of semipronation. The head of the 
radius is palpated, and the needle is inserted 
just proximal to it in a forward and anterior 
direction. If the joint is distended with fluid 
or pus, the capsule bulges to either side of 
the triceps and can be drained easily. 


Fracture of the Olecranon Process 


This injury results from direct or muscular vio- 
lence and is characterized by a transverse 
type of fracture. The deformity is brought 
about by the triceps muscle, which pulls the 
olecranon upward. Flexion of the elbow fur- 
ther separates the fragments. The treatment 
of a fractured olecranon process may be 
nonoperative, with the arm in complete ex- 
tension, or surgical, with the fragments held 
together by wire placed posterior to the long 
axis of the ulna. 


SECTION 8 SUPERIOR EXTREMITY 


Chapter 40 


Forearm 


The forearm (Fig. 640) is that part of the upper 
extremity which is between the elbow and 
the wrist. The anterior (volar) region contains 
those structures which are anterior to the 
plane of the radius and the ulna; these include 
the internal and the external muscle groups 
which arise from the medial and the lateral 
epicondyles, respectively. The posterior (dor- 
sal) region contains the extensor muscle 
group, which composes the bulk of this region. 
When the forearm is in full supination, it ap- 
pears as a cone which is flattened anteroposte- 
riorly. Muscle masses which arise from the hu- 
meral epicondyles increase its transverse 
diameter near the elbow. Distally, the forearm 
loses its bulk because of the transition of the 
fleshy muscles into their respective tendons. 
The shafts of the radius and the ulna can be 
felt superficially in the distal part of the 
forearm. 

The cutaneous nerve supply to the forearm 
is derived from the lateral and the medial cu- 
taneous nerves ventrally, and the lateral, the 
medial and the posterior nerves dorsally (Fig. 
641). 

The deep fascia of the forearm is a continua- 
tion of the deep fascia of the arm. It is 
strengthened around the olecranon by expan- 
sions from the triceps brachii and reinforced 
anteriorly by the lacertus fibrosus. At the wrist 
the deep fascia is continuous with the trans- 
verse and the dorsal carpal (annular) liga- 
ments. From its deep surface arise intermus- 
cular septa which extend to the radius and 
the ulna, and also form compartments for the 


various muscle groups which are to be de- 
scribed (Fig. 642). 


Anterior (Volar) Region 


Muscles. The muscles of the volar aspect of 
the forearm occupy 3 planes or floors which, 
from above downward, are as follows (Fig. 
643): 

First floor. This consists of 4 muscles which 
have a common origin from the medial epi- 
condyle of the humerus. They pass obliquely 
down the forearm, with the exception of the 
flexor carpi ulnaris, and are supplied by the 
median nerve. 

The pronator teres, although a powerful 
pronator of the forearm, is also a flexor. It is 
the most lateral and most obliquely placed 
muscle of the group. In addition to its origin 
from the medial epicondyle, it has a small 
deep head of origin from the coronoid process 
of the ulna. This deep head separates the me- 
dian nerve from the ulnar artery; the nerve 
lies between the superficial and the deep 
heads, and the artery lies behind both heads 
(Fig. 644). It inserts on the lateral surface of 
the middle of the radius. 

The flexor carpi radialis muscle becomes 
tendinous about the middle of the forearm; 
it is inserted into the bases of the 2nd and 
the 3rd metacarpals and produces flexion and 
radial deviation of the hand. 

The palmaris longus muscle becomes ten- 
dinous at about the middle of the forearm, 
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Fig. 640. The right forearm. (A) Cross section study of the relations of the forearm. (B) The arrows 
indicate the proper surgical cleavage planes utilized in approaching the neurovascular structures. 


but its tendon is longer and narrower than 
the tendon of the flexor carpi radialis. It passes 
anterior to the transverse carpal (anterior an- 
nular) ligament and inserts into the palmar 
fascia. Its contraction tenses the palmar fascia 
and flexes the hand. 

The flexor carpi ulnaris is placed most me- 
dially; the digitorum sublimis may be mis- 
taken for it. It inserts onto the pisiform bone. 


Contraction of this muscle produces flexion 
and adduction (ulnar) of the hand. 

Second floor. The second-floor muscle, the 
flexor digitorum sublimis, lies deep to the 
preceding muscle tendons and to their ulnar 
side. It has an extensive origin which is part 
humeral, part ulnar and part radial. The ulnar 
and the radial origins are bridged by a fibrous 
band through which the median nerve and 


Anterior (Volar) Region 727 





Median 
cubitalv. 


Branches 
of radialn.) 


Medial cutan. nerve 


Fig. 641. The cutaneous nerve supply of the dorsal and the volar aspects of the forearm. 


the ulnar artery pass to enter the space be- 
tween the second-floor and the third-floor 
musculature. The individual tendons of this 
muscle start in the lower third of the forearm; 
they do not lie side by side but pass 2 above 


and 2 below. The 2 above travel to the 3rd 
and the 4th fingers, and the 2 below pass to 
the 2nd and the 5th fingers. The entire muscle 
is supplied by the median nerve. The splitting 
of these tendons and their insertions into the 
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Fig. 642. The deep fascia of the right forearm. The section is taken at the middle of the forearm and 
shows the fascial spaces and compartments formed for the muscles, the vessels and the nerves. 


borders of the middle phalanges is discussed 
elsewhere (p. 765). 

Third floor. The third floor (deep) consists 
of 3 muscles: the flexor pollicis longus, the 
flexor digitorum profundus and the pronator 
quadratus. They form a covering for the radius 
and the ulna, and it is upon this that the nerves 
and the arteries of the front of the flexor re- 
gion of the forearm travel. 

The flexor pollicis longus muscle arises 
from the anterior surface of the radius be- 
tween the oblique line above and the pronator 
below. It inserts at the base of the terminal 
phalanx of the thumb. 

The flexor digitorum profundus muscle 
arises from the volar and the medial surfaces 
of the ulna between the pronator quadratus 
and the brachialis muscles. Unlike the sub- 
limis, the tendons of the profundus lie along- 
side of the tendon of the flexor pollicis longus 
as they pass beneath the transverse carpal liga- 
ment to insert into the bases of the distal pha- 
langes. 

The pronator quadratus lies at the distal 
end of the forearm but is behind the flexor 
tendons and sheaths, the median nerve and 
the radial vessels. It originates from the distal 
fourth of the anterior surface of the ulna, and 
inserts into the distal fourth of the anterior 
surface of the radius and a triangular area on 
the medial side of the radius in front of the 
interosseous membrane. It pronates the 
forearm. 

All of the muscles previously discussed are 
supplied by the median nerve with the excep- 
tion of the flexor carpi ulnaris and the ulnar 
half of the flexor digitorum profundus (4th and 


Sth fingers); as the word “ulnaris” suggests, 
these muscles are supplied by the ulnar nerve. 


Nerves. The ulnar nerve enters the forearm 
by passing between the 2 heads of the flexor 
carpi ulnaris and continues downward on the 
flexor digitorum profundus (Figs. 644 and 
645). In the wrist it is overlapped by the ten- 
don of the flexor carpi ulnaris. It supplies the 
ulnar half of the flexor digitorum profundus 
and the flexor carpi ulnaris. It descends verti- 
cally near the medial border of the flexor digi- 
torum sublimis and can be exposed by split- 
ting the septum between the sublimis and the 
flexor carpi ulnaris. 

The median nerve enters the forearm be- 
tween the superficial and the deep heads of 
the pronator teres, passes through the sublimis 
arch and continues downward on the flexor 
digitorum profundus. It clings to the deep sur- 
face of the flexor digitorum sublimis and in 
the wrist is overlapped by the tendon of the 
palmaris longus. It supplies all the forearm 
flexors except those already mentioned. That 
branch of the median nerve which supplies 
the deep flexors is called the anterior interos- 
seous nerve. As the nerve descends, it clings 
to the undersurface of the flexor digitorum 
sublimis and appears at its lateral border. 

The radial nerve divides in the region of 
the lateral epicondyle into superficial and 
deep branches. The superficial (sensory) 
branch descends beneath the brachioradialis 
muscle; it approaches the radial artery in the 
middle of the forearm and then leaves it to 
pierce the deep fascia and supply the skin of 
the dorsum of the hand and the wrist. The 
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which can be divided into superficial, middle and deep groups. 
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Fig. 644. The blood vessels and the nerves of the right forearm as related to the flexor digitorum 


sublimis. 


deep (dorsal interosseous) branch is mainly 
motor and reaches the back of the forearm 
by winding around the neck of the radius 
through the supinator muscle, which makes 
a tunnel for it (Fig. 647). At the lateral side 
of the shaft of the radius, the.nerve passes 
between the superficial and the deep muscles 
of the back of the forearm and innervates 
them. 


Arteries. In the upper forearm, the ulnar ar- 
tery is separated from the median nerve by 
the deep (ulnar) head of the pronator teres; 
in the mid-forearm, it descends obliquely be- 
hind the flexor digitorum sublimis and on the 
flexor digitorum profundus (Figs. 644 and 
645). At the wrist it is closely related to the 
ulnar nerve, which lies medial to it. Both the 
artery and the nerve are overlapped by the 
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Fig. 645. The blood vessels and the nerves as related to the deep flexors of the right forearm. 


flexor carpi ulnaris. Its branches are the ante- 
rior and the posterior ulnar recurrent arteries 
and, more distally, the common interosseous, 
which immediately divides into volar (ante- 
rior) and dorsal (posterior) branches. 

The radial artery is unique in that no mus- 
cle crosses it; therefore, it lies quite superficial 
and can be ligated almost anywhere in the 
forearm. However, it is true that in the upper 
forearm it is overlapped by the brachioradialis 
but, as it continues distally, it lies on the supi- 
nator, the pronator teres, the flexor digitorum 


sublimis, the flexor pollicis longus and the pro- 
nator quadratus in the order named. No motor 
nerve crosses it. 


Surgical Considerations 


Exposure of the Radial Nerve 


This nerve is injured easily because of its close 
relation to the humerus. A posterior approach 
usually is utilized. The incision begins about 
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the middle of the posterior border of the del- 
toid muscle and extends almost to the olecra- 
non. The deep fascia is incised, and the space 
between the long and the lateral heads of the 
triceps is identified. These are separated, and 
through this space the nerve with its accompa- 
nying profunda artery emerges from the ax- 
illa; it passes in the musculospiral (radial) 
groove. The lateral head of the triceps can 
be severed, and the nerve can be followed 
in its groove to the lateral region of the arm. 


Ligation of the Ulnar Artery 


Ligation of the ulnar artery per se is rarely 
done. It may be ligated at any site along its 
course, but usually this is done in its lower 
two thirds. The course of the artery in its 
lower two thirds can be visualized along a line 
which corresponds to the lower two thirds of 
a line drawn from the medial epicondyle to 
the pisiform bone. The skin incision is placed 
along this imaginary line. The superficial veins 
are ligated, and the deep fascia is incised. The 
artery will be found under the flexor carpi 
ulnaris tendon, which can be drawn medially. 
The vessel is surrounded by its venae comites; 
the ulnar nerve is medial. This neurovascular 
bundle is covered by a layer of fascia which 
not only binds it down to the surface of the 
flexor digitorum profundus but also binds the 
structures to each other. Therefore, it is dan- 
gerous to place a hemostat without first identi- 
fying and dissecting the nerve. In the upper 
half of the forearm, the vessel lies more 
deeply, being placed beneath the muscle mass 
which consists of the flexor carpi ulnaris and 
the flexor digitorum sublimis. The intermus- 
cular cleavage plane existing between these 
muscles should be opened. The vessel will be 
found here and can be followed proximally. 


Ligation of the Radial Artery 


Ligation of the radial artery may be done any- 
where along its course, which corresponds to 
a line drawn from the middle of the elbow 
fold (cubital fossa) to the inner side of the front 
of the styloid process of the radius. The lower 
two thirds of the radial artery may be exposed 
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through a skin incision which is placed in the 
line of the artery and is of sufficient length 
for adequate exposure. The superficial veins 
are ligated, and the deep fascia is divided 
along the edge of the brachioradialis muscle. 
In the upper part of the forearm, the muscle 
is retracted laterally so that the artery is ex- 
posed with its venae comites as they pass over 
the pronator teres. The radial nerve ap- 
proaches the vessels and lies close to them 
for a short distance in the middle of the 
forearm, but proximal to this there is a slight 
interval which separates them. The nerve 
should be guarded. In the lower part of the 
forearm the vessels are exposed immediately 
under the deep fascia. 


Posterior Region 


The subcutaneous border of the ulna, which 
can be palpated from the olecranon to the 
wrist, separates the extensor muscles of the 
forearm from the flexors. Such a palpable bony 
ridge may be utilized as an excellent surgical 
landmark and guide. 


Muscles, Nerves and Vessels 


The muscles of the back of the forearm are 
divided into superficial and deep groups (Fig. 
646). The superficial group has 6 muscles, and 
the deep group has 5. 

The 2 muscles that belong to the superficial 
group and that do not originate from the lat- 
eral epicondyle are the brachioradialis and the 
extensor carpi radialis longus; those that do 
originate from the lateral epicondyle are the 
extensor carpi radialis brevis, the extensor 
digitorum communis, the extensor digiti 
quinti proprius and the extensor carpi ulnaris. 
These latter 4 superficial muscles have a com- 
mon origin by means of a tendon that is at- 
tached to the lateral epicondyle. 

The deep group of muscles consists of the 
supinator, the abductor pollicis longus, the ex- 
tensor pollicis brevis, the extensor pollicis lon- 
gus and the extensor indicis. 


Brachioradialis Muscle. The brachioradialis 
muscle (radial nerve) lies more toward the 
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Fig. 646. The muscles of the back of the right forearm. (A) The superficial group consists of 6 muscles. 


(B) The deep group consists of 5 muscles. 


front of the forearm than on the back. It origi- 
nates from the upper two thirds of the lateral 
supracondylar ridge, and about halfway down 
the forearm is converted into a flat tendon 
which inserts into the lateral surface of the 
distal end of the radius. Its fleshy part overlaps 
the brachialis and descends in front of the lat- 
eral epicondyle. It forms the lateral boundary 
of the cubital fossa. The principal action of 
the brachioradialis is to flex the forearm; it 
helps to initiate supination when the forearm 


is prone and helps to initiate pronation when 
the forearm is supine. 


Extensor Carpi Radialis Longus Muscle. The 
extensor carpi radialis longus muscle (radial 
nerve) is closely associated with the brachiora- 
dialis. It arises from the distal third of the lat- 
eral supracondylar ridge and, as it descends, 
it passes over the lateral epicondyle deep to 
the brachioradialis. At first it is lateral to the 
radius but it gains the dorsal surface about 
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halfway down the forearm. It has a long ten- 
don which is continued downward toward the 
wrist, where it passes under cover of the ex- 
tensor retinaculum and inserts into the base 
of the 2nd metacarpal bone (Fig. 681). It aids 
in extension and abduction of the hand at the 
wrist and is a slight flexor of the forearm. 

The extensor carpi radialis brevis muscle 
(posterior interosseous nerve) arises from the 
common extensor origin on the lateral epicon- 
dyle and passes downward; at first it is overlap- 
ped by the extensor carpi radialis longus but 
more distally is medial to it. Its tendon begins 
at the middle of the forearm and passes under 
cover of the extensor retinaculum through a 
compartment which it shares with the longus 
(Fig. 686). It is inserted into the base of the 
3rd metacarpal bone. Both radial extensors 
act as their names indicate: extension and ab- 
duction of the wrist. 


Extensor Digitorum Communis Muscle. The 
extensor digitorum communis muscle (poste- 
rior interosseous nerve) arises from the com- 
mon extensor origin at the lateral epicondyle; 
it passes downward medial to the extensor 
carpi radialis brevis. In the distal part of the 
forearm, its fleshy belly ends in a tendon 
which passes under cover of the extensor reti- 
naculum and then divides into 4 tendons for 
the fingers. Over the dorsum of the hand the 
individual tendons diverge and proceed on- 
ward to the fingers, where they are inserted 
into the middle and the distal phalanges. 
These tendons are connected to each other 
by oblique bands. As a result of this, complete 
extension of an individual finger at the meta- 
carpophalangeal joint is impossible so long as 
the other fingers are kept flexed. The manner 
of insertion of these tendons is discussed else- 
where. 


Extensor Digiti Minimi (Quinti Proprius) 
Muscle. The extensor digiti minimi (quinti 
proprius) muscle (posterior interosseous 
nerve) is a slender muscle which arises in com- 
mon with the extensor digitorum and at first 
seems to be part of it. It lies along the medial 
side of the extensor digitorum, but its tendon 
passes through a special compartment in the 
extensor retinaculum. The tendon splits into 
two parts, the lateral being joined by the ten- 
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don of the little finger from the extensor digi- 
torum. It forms the dorsal extensor expansion 
for the little finger and is an extensor of all 
the joints of the little finger. 


Extensor Carpi Ulnaris Muscle. The extensor 
carpi ulnaris muscle (posterior interosseous 
nerve) arises by means of the common exten- 
sor origin from the lateral epicondyle and re- 
mains fleshy until it reaches the wrist joint, 
where it becomes tendinous. It occupies the 
groove on the back of the distal end of the 
ulna, passes through the most medial compart- 
ment of the extensor retinaculum and inserts 
into the base of the 5th metacarpal. It is an 
extensor of the wrist and aids the flexor carpi 
ulnaris in adducting the hand. 


Anconeus Muscle. The anconeus muscle (ra- 
dial nerve) does not really belong to the super- 
ficial group of extensor muscles, but it is con- 
venient to consider it with this group. It 
originates from the posterior aspect of the lat- 
eral epicondyle and is narrow and tendinous; 
its fibers soon diverge and become inserted 
into the lateral aspect of the olecranon and 
the adjoining part of the posterior surface of 
the ulna. It covers the posterior aspect of the 
annular ligament of the radius, thus helping 
to separate the head of the bone from the 
surface. Its action assists the triceps in exten- 
sion of the forearm. 

If the extensor digitorum communis and the 
extensor digiti minimi are divided trans- 
versely about their middle, the following 
structures are exposed: the posterior interos- 
seous vessels, the posterior interosseous nerve 
and the deep muscles of the back of the fore- 
arm (Fig. 647 A). 

At a variable point in the region of the lat- 
eral epicondyle, the radial nerve divides into 
two branches: sensory (superficial) and motor 
nerves. 


Posterior Interosseous Nerve. The motor 
nerve is the posterior interosseous (deep radial 
nerve). The level at which branches of nerves 
originate may be variable, but the side from 
which nerves originate is quite constant. A 
motor nerve leaves from that side of the nerve 
which is nearest the muscle to which it is dis- 
tributed; hence, we may speak of “sides of 
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Fig. 647. The dorsal aspect of the right forearm. nerve and artery. The anatomic “snuff box” is 


(A) The extensor digitorum communis muscle has shown. (B) A cross section of the extensor retinacu- 
been retracted to expose the posterior interosseous lum and the 6 compartments which it forms. 
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safety” and “sides of danger.” Since the radial 
nerve supplies the extensor muscles, its 
branches arise laterally, and, therefore, it is 
safe to dissect on the medial side of this nerve. 
The reverse is true of the median nerve. 

The posterior interosseous nerve winds 
around the radius in the substance of the supi- 
nator muscle, which creates a muscular tunnel 
for the nerve. The nerve emerges from the 
posterior surface of the supinator a little above 
its lower border and in this way gains access 
to the fascial plane between the superficial 
and the deep groups of extensor muscles of 
the forearm. 

In its course the nerve is accompanied by 
the posterior interosseous vessels; they pass 
across the dorsal surface of the abductor pol- 
licis longus muscle and under cover of the 
extensor digitorum. At about the middle of 
the forearm the nerve reaches the extensor 
pollicis longus and at this point leaves the pos- 
terior interosseous vessels and descends over 
the back of the interosseous membrane. It is 
accompanied by the anterior interosseous ves- 
sels and passes under the extensor pollicis 
longus and the extensor indicis. The posterior 
interosseous nerve supplies all the muscles in 
this region with the exception of the brachio- 
radialis, the extensor carpi radialis longus and 
the anconeus. The latter are innervated by 
the radial nerve itself. The nerve terminates 
on the back of the wrist joint in a slight eleva- 
tion which sends branches to this joint and 
to the intercarpal joints. 


Posterior Interosseous Artery. The posterior 
interosseous artery arises from the common 
interosseous artery near the upper border of 
the interosseous membrane. It passes back- 
ward between the radius and the ulna above 
the upper border of the membrane and ap- 
pears on the back of the forearm between 
the supinator and the abductor pollicis longus 
(Fig. 647 A). It travels in the fascial plane be- 
tween the superficial and the deep group of 
extensor muscles with the posterior interosse- 
ous nerve and reaches the back of the wrist; 
its lower part is so slender that it seldom can 
be traced below the middle of the forearm. 
It ends by taking part in the anastomosis about 
the wrist joint. A recurrent branch (the in- 
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terosseous recurrent artery) passes upward to 
take part in an anastomosis about the elbow 
joint. 


Supinator Muscle. The supinator muscle 
(posterior interosseous nerve) should not be 
confused with the supinator longus muscle 
(Figs. 646 and 647 A). The term “supinator 
muscle” means the supinator brevis; the term 
“supinator longus” has been used for the bra- 
chioradialis. The supinator (brevis) arises from 
the lateral epicondyle of the humerus and the 
supinator fossa of the ulna. Its fibers pass back- 
ward and laterally around the posterior and 
the lateral aspects of the upper part of the 
radius and are inserted into the anterior, the 
lateral and the posterior aspects of that bone. 
This muscle inserts as far down as the insertion 
of the pronator teres. The more the radius 
is pronated, the tighter and more twisted be- 
comes the supinator. Its action is to untwist 
itself, and this it does by supination. 


Abductor Pollicis Longus Muscle. The ab- 
ductor pollicis longus muscle (posterior in- 
terosseous nerve) arises from the posterior sur- 
faces of both bones of the forearm and from 
the interosseous membrane. This origin ap- 
proximately covers the second quarter of the 
ulna and the middle third of the radius. At 
the junction of the middle and the lower 
thirds of the forearm, its tendon emerges be- 
tween the extensor digitorum and the exten- 
sor carpi radialis brevis. Having come to the 
surface, it crosses the 2 radial extensors (exten- 
sor carpi radialis brevis and radialis longus) 
and is accompanied closely by the extensor 
pollicis brevis. It passes under the extensor 
retinaculum and is inserted into the radial side 
of the base of the metacarpal bone of the 
thumb. As its name suggests, it is an abductor 
of the thumb and also slightly assists in abduc- 
tion of the hand. 


Extensor Pollicis Brevis Muscle. The extensor 
pollicis brevis muscle (posterior interosseous 
nerve) is placed along the distal border of the 
preceding muscle. It arises from a small area 
on the posterior surface of the radius and from 
the interosseous membrane. Its tendon is asso- 
ciated closely with that of the abductor pollicis 
longus and accompanies it under the extensor 
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retinaculum. It is inserted by a delicate ten- 
don to the dorsum of the base of the proximal 
phalanx of the thumb. It extends the proximal 
phalanx of the thumb; in a small number of 
cases it is absent. 


Extensor Pollicis Longus Muscle. The exten- 
sor pollicis longus muscle (posterior interosse- 
ous nerve) arises from the ulna and the inter- 
osseous membrane, below the origin of the 
abductor pollicis longus, and takes an oblique 
course across the carpus. It is inserted into 
the base of the distal phalanx of the thumb. 
It is an extensor of all the joints of the thumb 
and plays a part in initiating supination of the 
forearm. 


Extensor Indicis (Proprius) Muscle. The ex- 
tensor indicis (proprius) muscle (posterior in- 
terosseous nerve) is a special extensor for the 
index finger, arising from the ulna and the 
interosseous membrane immediately below 
the preceding muscles. It passes downward 
and laterally to the extensor retinaculum, un- 
der which it travels in company with the ten- 
dons of the extensor digitorum. It terminates 
by joining the dorsal expansion of the index 
tendon of that muscle and it lies on the medial 
side of the most lateral tendon of the common 
extensor. Its action is to extend all the joints 
of the index finger. 


Extensor Retinaculum Ligament 


The extensor retinaculum (dorsal carpal or 
posterior annular) ligament is a specialized 
part of the deep fascia of the forearm which 
passes obliquely across the back of the limb 
(Fig. 647). It is about 1 inch wide, has 4 borders 
and 2 surfaces and is longer than the flexor 
retinaculum but not as strong. The extensors 
are not able to spring away from the wrist 
as are the flexors. The ligament acts as a strap 
which binds the extensor tendons down and 
holds them in place and, being obliquely 
placed, does not interfere with pronation or 
supination at the wrist. 

Its inferior border is continuous with the 
deep fascia of the hand; the superior is contin- 
uous with the deep fascia of the forearm; the 
medial border is attached to the triquetrum 
(cuneiform) and pisiform; and the lateral is 
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attached to the lower inch of the anterior bor- 
der of the radius. In this way it forms an annu- 
lar ligament for the head of the ulna. The reti- 
naculum is not attached to the lower end of 
the ulna by its medial border; hence, there 
is no interference with the movements of the 
radius around the ulna. 

The dorsal or superficial surface of the ex- 
tensor retinaculum is crossed by veins drain- 
ing the dorsal carpal arch; this arch usually 
lies across the lower part of the back of the 
hand but is inconstant in position and shape. 
The arch gives origin to the basilic and the 
cephalic veins and receives tributaries from 
3 dorsal metacarpal veins. Four cutaneous 
nerves cross superficial to the extensor reti- 
naculum: the dorsal branch of the ulnar nerve, 
the superficial branch of the radial, and termi- 
nations of the posterior branches of the medial 
and the lateral cutaneous nerves of the fore- 
arm. 

Five septa, springing from the deep surface 
of the extensor retinaculum, are attached to 
the head of the ulna and to the ridges on the 
back of the lower end of the radius, thus form- 
ing 6 compartments for the extensor tendons 
(Fig. 647 B). In this respect it is unlike the 
flexor retinaculum, which forms only one 
large compartment for the flexor tendons. 
Each compartment transmits 1 or 2 tendons 
and is lined with a synovial sheath which enve- 
lopes the tendon or tendons. Attached to the 
deep surface of the extensor retinaculum are 
the 6 compartments with their enclosed struc- 
tures. The lst compartment is located on the 
lateral side of the distal end of the radius; it 
contains the tendons of the abductor pollicis 
longus and the extensor pollicis brevis. The 
2nd compartment contains the extensors carpi 
radialis longus and brevis; compartment three 
contains the extensor pollicis longus. The 4th 
compartment lies over a rather wide but shal- 
low groove at the medial part of the back of 
the distal end of the radius and contains the 
tendons of the extensor digitorum as well as 
the extensor indicis. Deep to these enclosed 
tendons this compartment also contains the 
terminal parts of the posterior interosseous 
nerve and the anterior interosseous artery. 
The 5th compartment is situated in the inter- 
val that exists between the distal ends of the 
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radius and the ulna and it contains the tendon 
of the extensor digiti minimi. The 6th is the 
most medial compartment and is marked by 
a groove over the dorsum of the distal end 
of the ulna; it encloses the tendon of the exten- 
sor carpi ulnaris. 

Eight synovial sheaths surround 9 tendons, 
since each tendon has a synovial sheath of its 
own, with the exception of the extensor digito- 
rum and the extensor indicis which have a 
common sheath. The proximal ends of the 
sheaths are deep to the extensor retinaculum 
or slightly proximal to it. The sheaths of the 
abductor pollicis longus and the 3 extensors 
of the carpus extend to the insertions of these 
muscles. The sheaths of the extensors of the 
digits usually end about midlength down the 
hand. At times the abductor pollicis and the 
extensor pollicis brevis may have a common 
sheath. Three oblique bands unite the 4 ten- 
dons proximal to the knuckles; hence, the in- 
dependent action of the fingers is restricted. 
No one finger can be held in flexion while 
the others pass into extension. 


Extensor (Dorsal) Region of the 
Forearm and the Hand (Dorsum) 


This entire area (muscular) is innervated by 
the radial nerve. No motor nerves are found 
on the dorsum of the hand. No muscles origi- 
nate from the dorsum of the hand, and no 
tendons insert into the dorsum of the carpal 
bones (Fig. 647). 


Skin. Over the lateral posterior aspect of the 
forearm, the skin is supplied by the lateral 
cutaneous nerve of the forearm; this is the 
terminal branch of the musculocutaneous 
nerve, which becomes cutaneous at the lateral 
border of the biceps about 1 inch above the 
elbow (Fig. 634). It divides into anterior and 
posterior branches, which pass in front of the 
elbow; they then descend on the front and 
the back of the radial side of the forearm, the 
anterior reaching the thenar eminence and 
the posterior ending at the wrist joint. The 
medial cutaneous nerve of the forearm is a 
direct branch of the medial cord of the bra- 
chial plexus (Fig. 641). Like the lateral, it too 
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divides into anterior and posterior branches, 
which descend in front of the elbow and then 
on the front and the back of the ulnar side 
of the forearm to the wrist. The large strip 
of skin which passes down the middle of the 
back of the forearm is supplied by the poste- 
rior cutaneous nerve of the forearm, a branch 
of the radial; it becomes cutaneous about 2 
inches above the lateral epicondyle, supplies 
the back of the forearm as far as the wrist 
and, in most instances, reaches the dorsum 
of the hand. 

The skin of the dorsum of the hand is sup- 
plied by the radial nerve and the dorsal 
branch of the ulnar nerve. The radial nerve 
winds around the radius, deep to the brachio- 
radialis tendon, about 3 inches above the 
wrist, and continues downward superficial to 
the extensor retinaculum; it supplies the skin 
over the lateral two thirds of the dorsum and 
sends digital branches to the thumb, the index 
finger and the radial side of the middle finger. 
The dorsal branch of the ulnar nerve winds 
around the ulna about 3 inches above the 
wrist, descends superficial to the extensor reti- 
naculum and supplies the rest of the skin, 
namely, that over the dorsum of the hand, 
the little and the ring fingers, and the ulnar 
side of the middle finger. 

The cutaneous patterns of distribution are 
variable. The dorsal digital nerves usually do 
not extend beyond the proximal interphalan- 
geal joints; hence, the rest of the dorsum of 
each finger receives its nerve supply from the 
palmar digital nerves. 


Fascia. The superficial fascia contains an ir- 
regular dorsal venous arch which receives 
digital veins. From its ulnar and radial extrem- 
ities, respectively, the basilic and the cephalic 
veins arise and continue upward in the super- 
ficial fascia. 

The deep fascia is part of a strong layer 
which forms a tubular investment around the 
muscles of the forearm. At the olecranon, at 
the posterior margin of the ulna and at the 
lateral distal end of the radius it is connected 
to the periosteum. It separates the extensor 
from the flexor muscles by a septum which 
passes along the posterior margin of the ulna. 
However, on the radial side the separation 
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between extensors and flexors is not devel- 
oped as definitely. Furthermore, it sends parti- 
tions between the individual muscles. 

At the dorsal aspect of the wrist the fascia 
is strengthened greatly by transverse fibers; 
this forms the dorsal carpal ligament (poste- 
rior annular or extensor retinaculum), which 
can be likened to a postage stamp, having 4 
borders and 2 surfaces (Fig. 683). 

The fascia over the dorsum of the hand re- 
veals the superficial lamina, a thin layer un- 
der the superficial fascia and above the ten- 
dons of the extensor muscles; on both sides 
of the hand it blends with the fascia of the 
volar aspect. 

The intertendinous lamina is a connecting 
membrane which lies between the tendons 
of the extensor digitorum. It is very thin in 
the white race but thick in the Negro; it is a 
rudimentary tendon plate. 

The dorsal interosseous lamina lies above 
the dorsal interosseus muscles and dips down 
to fuse with the periosteum of each metacar- 
pal bone. 


Anatomic Snuffbox (La Tabatiére Anatomi- 
que of Cloquet). On the dorsum of the hand, 
the hollow at the base of the thumb is called 
the “anatomic snuffbox” (Fig. 647). It is 
bounded anteriorly by the abductor pollicis 
longus and the extensor pollicis brevis; poste- 
riorly, by the extensor pollicis longus. Its floor 
is formed by the navicular (scaphoid), the tra- 
pezium and the articulation between the lat- 
ter and the first metacarpal bones. The radial 
artery lies in this “box” on its way to the first 
interosseous space. A vein lies superficial to 
the artery and is called the cephalic vein of 
Treves; fine branches of the radial nerve are 
also found here. The vein is closer to the skin; 
the artery lies deeper and on the lateral liga- 
ment of the bones which form the floor. When 
ligating the radial artery it is best to avoid 
opening the sheath of the tendons to the 
thumb or the scaphoid trapezial joint. 


Surgical Considerations 


Infections of the dorsum of the hand may in- 
volve either the subcutaneous or the subapo- 
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neurotic spaces (Fig. 648). The dorsal subcuta- 
neous space may become involved in boils or 
carbuncles; these infections are superficial to 
the extensor tendons and the aponeurosis. The 
dorsal subaponeurotic space infection is un- 
common. It may result from perforating dorsal 
wounds which have pierced the dorsal apo- 
neurosis or may follow an osteomyelitis of the 
metacarpal or carpal bones. Infections can 
reach this space from other spaces via the lum- 
brical sheath. The dorsum almost always be- 
comes edematous in palmar infections be- 
cause of the loose connective tissue on the 
back of the hand which is rich in lymphatics; 
actual suppuration and primary involvement 
of this space is rare. When pus collects here, 
it is limited proximally by fibrous partitions 
at the base of the metacarpals and distally by 
similar partitions at the metacarpophalangeal 
joints. Treatment consists of establishing 
drainage of the abscess through one or more 
incisions running parallel with the extensor 
tendons, on the dorsum. The hemostat which 
opens the space should be placed between 
the tendons. 


Radius and Ulna 


The radius and the ulna form the bony frame- 
work of the forearm, the radius lying to the 
lateral and the ulna to the medial side of the 
superior extremity. These 2 bones articulate 
above with the humerus and below with the 
carpal bones of the wrist (Fig. 649). They also 
articulate with each other at their upper and 
lower extremities and are firmly united by the 
ligaments of the radioulnar joints and the in- 
terosseous membrane. They are so arranged 
that the radius supports the entire hand and 
can revolve on a longitudinal axis around the 
ulna. This action takes place at the radioulnar 
joints and provides the movements of prona- 
tion and supination. The ulna, which does not 
enter into the wrist joint, is the more impor- 
tant bone at the elbow joint; the radius has 
only a secondary role in the latter location. 


Radius 


The proximal end of the radius has a head, 
a neck and a radial tuberosity. 
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Fig. 648. The subcutaneous and the subaponeurotic spaces of the dorsum of the hand. The drainage 


of these spaces is indicated. 


The head of the bone is a cup-shaped disk, 
the upper surface of which is concave and 
articulates with the capitellum humeri. It is 
covered by hyaline cartilage, and its circum- 
ference articulates with the radial notch of 
the ulna. Although it is embraced by the annu- 
lar ligament, the ligament is not attached to 
it. This disklike head can be felt easily from 
the posterior aspect of the limb. If the limb 
is passively extended, a depression becomes 
visible over the posterior aspect of the elbow 
on its lateral side. The radial head can be felt 
in the lower part of it and can be made to 
rotate within the annular ligament when the 
hand is alternatively pronated and supinated. 
In the upper part of this depression, the back 
of the lateral epicondyle of the humerus is 
palpable, and between these two bony pro- 
jections the line of the radiohumeral joint is 
located. 

The neck is that constricted portion of the 
radius which supports the head; it marks the 


point at which the brachial artery divides into 
radial and ulnar arteries. 

The tuberosity is placed on the medial side 
below the neck; anteriorly, it is smooth, and 
a bursa is located here. It is rough posteriorly 
for the insertion of the biceps tendon. 

The shaft of the radius reveals a roughened 
area over its lateral aspect for the insertion 
of the pronator teres. The interosseous mem- 
brane is attached to the interosseous border 
of the shaft but does not extend as high as 
the radial tuberosity. 

The metaphysis of the upper end of the 
radius has the following relationships: since 
the epiphysis is formed by the head of the 
bone and the capsule is attached to the neck, 
the metaphysis or the joint may extend to one 
or the other very readily. 

The distal end of the radius, the widest and 
bulkiest part of the bone, presents 5 notches, 
a styloid process, a dorsal tubercle and an ul- 
nar notch. 


Radius and Ulna 





Fig. 649. The radius and the ulna: (A) in supination; 
(B) in pronation. 


The styloid process is present over the lat- 
eral aspect as a downward prolongation which 
is partially obscured in life by the tendons of 
the abductor pollicis longus and the extensor 
pollicis brevis. These tendons should be kept 
relaxed when the bone is being examined. The 
styloid processes are of great importance in 
the diagnosis of fractures of the radius; the 
radial styloid normally projects about % inch 
distal to the ulnar styloid. 

The dorsal radial tubercle of Lister is the 
most prominent of the ridges over this area 
and usually can be felt, since it is grooved obli- 
quely by the tendon of the extensor pollicis 
longus. 


The medial surface is concave and smooth 
and articulates with the head of the ulna. 
The lateral surface is about % inch wide 
and extends onto the ulna and to the styloid 
process. 

The posterior surface is convex and reaches 
farther down than the anterior; the dorsal 
tubercle is located about its center. Shallow 
grooves lateral to the tubercle lodge the 
tendons of the extensor carpi radialis longus 
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and brevis, and a narrow oblique groove 
at the medial side of the tubercle marks 
the tendon of the extensor pollicis longus. 
A wide, shallow groove medial to this 
lodges the tendons of the extensor digi- 
torum and the extensor indicis. 

The anterior surface is smooth and slightly 
concave, being limited distally by a thick 
ridge which can be felt above the wrist and 
laterally by a sharp edge which separates 
it from the lateral surface. 

The distal or carpal surface is concave, 
smooth and divided into a lateral and a me- 
dial area. The lateral area is triangular and 
articulates with the scaphoid bone, and the 
medial area is square and articulates with 
the lunate bone. 

The lower epiphyseal line passes around 
the bone on the level with the upper mar- 
gin of the ulnar notch; it does not join the 
shaft until the 20th year. 


The metaphysis in this region has the fol- 
lowing relationships: the epiphysis is repre- 
sented by a horizontal line at the level of the 
upper part of the ulnar notch, and the capsule 
is attached very close to the articular margin 
all the way around. Therefore, the metaphysis 
is entirely extracapsular. Both bone and joint 
diseases are more limited than they would be 
if the upper metaphysis were involved. 


Ulna 


The ulna is the medial and longer bone of 
the forearm. Its proximal end presents an 
olecranon, a coronoid process and radial and 
trochlear notches. 

The olecranon is easily palpable posteriorly, 
and in extension the upper edge of this pro- 
cess is on the same level as the epicondyle 
of the humerus. It gives insertion to the ten- 
don of the triceps. 

The coronoid process projects forward and 
ossifies with the shaft; its anterior aspect is 
covered by and gives insertion to the bra- 
chialis muscle. 

The radial notch is located over the lateral 
surface, is concave and articulates with the 
head of the radius. Its inferior and posterior 
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borders give attachment to the annular liga- 
ment. 

The trochlear notch (incisura semilunaris) 
is a wide concavity bounded by the olecranon 
and the coronoid; it articulates with the troch- 
lea. 

The shaft of the ulna tapers as it passes dis- 
tally; the posterior border of the shaft is subcu- 
taneous in its whole length from the posterior 
aspect of the olecranon to its styloid process. 

The distal end of the ulna presents a head 
and a styloid process. 

The head is small and rounded, and its distal 
surface articulates with the triangular articu- 
lar disk. The head of the ulna can be grasped 
between the fingers and the thumb when the 
flexors and the extensors are relaxed, and in 
some individuals it presents a conspicuous 
prominence in full pronation. 

The styloid process projects downward 
from the posteromedial aspect of the head and 
is felt best when the hand is in full supination. 

The upper and the lower metaphyses have 
the following relations: at the upper end, the 
epiphysis may be variable but it usually is rep- 
resented as a flake of bone on the upper sur- 
face over its whole extent. Therefore, this 
epiphysis is entirely extracapsular, so that the 
metaphysis and part of the diaphysis are re- 
lated to the capsular line. At the lower end, 
the epiphysis is represented by a horizontal 
line at the level of the upper extremity of 
the articular surface for the radius; the capsule 
is attached to the margins of the articular sur- 
face, except laterally, where it is a little proxi- 
mal to the radial articular surface. Therefore, 
the metaphysis in this location is partly intra- 
capsular, and diseases of the bone or the joint 
may spread in either direction. 


Radioulnar Joints 


The radius and the ulnar are united at proxi- 
mal and distal radioulnar joints. There is an 
intermediate “joint” where the bodies of the 
2 bones are united by the oblique cord, the 
interosseous membrane, and the posterior 
layer of the fascia which covers the pronator 
quadratus (Fig. 650). 

The interosseous membrane of the forearm 
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Fig. 650. The superior and the inferior radioulnar 
joints. 


is a fibrous sheath which stretches across the 
interval between the 2 bones of the forearm 
and is attached to the interosseous border of 
each. It begins about 1 inch below the radial 
tuberosity and extends to and blends with the 
capsule of the inferior radioulnar joint. Its fi- 
bers pass downward and mediad from the ra- 
dius to the ulna, so that shocks transmitted 
to the radius from the hand are passed on 
to the ulna and then to the humerus. Over 
the anterior surface of this membrane and 
from its upper three quarters the flexor pol- 
licis longus and the digitorum profundus arise; 
the anterior interosseous vessels lie between 
them and perforate the membrane near its 
lower end. The pronator quadratus lies on the 
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lower one fourth. The posterior surface gives 
origin to the abductor pollicis longus, the ex- 
tensors pollicis brevis and longus, and the ex- 
tensor indicis. The supinator lies on its ante- 
rior part, the anterior interosseous vessels and 
the posterior interosseous nerve on its lower 
part. The oblique cord is a slender band aris- 
ing from the tuberosity of the ulna and extend- 
ing downward and laterally; it attaches to the 
radius immediately below its tuberosity. This 
cord crosses the open space between the 
bones of the forearm above the upper border 
of the interosseous membrane. The posterior 
interosseous vessels pass backward through 
the gap which exists between this cord and 
the interosseous membrane. 


Superior (Proximal) Radioulnar Joint. This 
joint is considered with the elbow joint be- 
cause they have a common synovial cavity, 
and the lateral ligament of the elbow joint 
is connected to the annular ligament of the 
superior radioulnar joint (Fig. 650). At this 
joint the medial part of the head of the radius 
fits into the radial notch of the ulna. 

The annular ligament forms a collar for the 
head of the radius; this collar retains the radial 
head in the radial notch of the ulna. This liga- 
ment forms four fifths of a circle which is at- 
tached to the anterior and the posterior mar- 
gins of the notch. It is narrower below than 
above; hence, the head of the radius cannot 
be pulled downward and out. The lower bor- 
der of the ligament is free; this allows the head 
of the radius to rotate during pronation and 
supination. 

The synovial membrane of the joint lines 
the deep surface of the annular ligament and 
is continuous with that of the elbow joint, so 
that the joint cavities communicate freely. It 
lines the deep surface of the annular ligament 
and bulges slightly below it, producing a sacci- 
form recess which encircles the neck of the 
radius. 


Inferior (Distal) Radioulnar Joint. This is a 
synovial joint formed by the head of the ulna 
where it articulates with the ulnar notch of 
the radius laterally and the articular disk infe- 
riorly (Fig. 650). Union is maintained by the 
articular disk and is aided by a weak capsular 
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ligament passing between the margins of the 
articular surfaces. 

The articular disk is a thick triangular fibro- 
cartilaginous plate. Its apex is related to the 
depression at the base of the ulnar styloid pro- 
cess, and its base to the lower border of the 
ulnar notch of the radius. Its anterior and pos- 
terior margins blend with the corresponding 
ligament of the radiocarpal joint. Although it 
usually is a complete plate, it may be perfo- 
rated. When this occurs, the joint cavities and 
the synovial membranes of the inferior ra- 
dioulnar and the radiocarpal (wrist) joints be- 
come continuous. 

The capsular ligament is weak, possessing 
feeble anterior and posterior ligaments which 
invest the anterior, the posterior and the supe- 
rior aspects of the joint. It is continuous with 
the capsular ligament of the wrist joint. 

The synovial membrane lines the capsular 
ligament and the upper surface of the articu- 
lar disk. It projects upward to form a small 
cul-de-sac (recessus sacciformis) in front of the 
lower end of the interosseous membrane. The 
joint is supplied by the anterior and the poste- 
rior interosseous nerves and vessels. 


Movements of the Radioulnar Joints. The ro- 
tary movements of these joints take place 
around a vertical axis which passes through 
the center of the head of the radius above 
and the ulnar attachment of the triangular 
articular disk below. 

Supination, the position in which the bones 
of the forearm are parallel and the thumb 
points laterally, is produced mainly by the su- 
pinator, the biceps and the brachioradialis. 

In pronation the radius crosses in front of 
the ulna, the upper end remaining lateral and 
the thumb pointing medially. Supination is 
the strongest movement, due to the strength 
of the biceps. Starting from the supine posi- 
tion, the upper limb can be rotated so that 
the palm, originally directed forward, can be 
directed successively medially, backward and 
laterally, moving through an arc of 270°. How- 
ever, the greater part of that movement is 
not pronation but medial rotation at the shoul- 
der joint. Pronation alone can move through 
an arc of about 130°. 
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Surgical Considerations The deep fascia is divided, and the extensor 
digitorum communis is retracted. This exposes 

Exposure of the Shaft of the Radius the supinator muscle and the deep branch of 
the radial nerve (dorsal interosseous) piercing 

This is accomplished through an incision over it. The supinator is divided longitudinally to 
the dorsal aspect of the forearm (Fig. 651). the bone and retracted with the muscles of 
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Fig. 651. Exposure of the shaft of the radius: (A) incision; (B) relations of the deep branch of the radial 
nerve (dorsal interosseous); (C) the exposed shaft of the radius. 


Surgical Considerations 


the thumb. The extensor carpi radialis brevis 
is retracted in the opposite direction, and the 
shaft of the radius is exposed. 


Exposure of the Distal Fourth of the 
Radius 


Exposure of the distal fourth of the radius is 
accomplished through an incision, about 3 or 
4 inches long, extending upward and medially 
along the dorsal aspect of the bone (Fig. 652). 
The deep fascia and the dorsal carpal ligament 
are incised, exposing the extensor digitorum 
communis muscle, the extensor pollicis longus 
tendon, the extensor pollicis brevis muscle, 
the abductor pollicis longus muscle and the 
tendon of the extensor carpi radialis brevis; 
a small part of the radius also is visible. The 
abductor pollicis longus, the extensor pollicis 
brevis and the tendon of the extensor carpi 
radialis brevis are retracted laterally, and the 
extensor digitorum communis and the tendon 
of the extensor pollicis longus are retracted 
medially. This will expose the distal fourth of 
the radial shaft. 


Exposure of the Shaft of the Ulna 


In the exposure of the shaft of the ulna, the 
location of the incision depends on the part 
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of the bone requiring exposure (Fig. 653). The 
incision is located somewhere on a line drawn 
between the olecranon and the ulnar styloid. 
The flexor carpi ulnaris is retracted medially, 
and the extensor carpi ulnaris and the an- 
coneus are retracted laterally. These muscles 
must be stripped off of the bone with an osteo- 
tome. Thus the shaft of the ulna can be ex- 
posed in its entire length. 


Fractures of the Forearm 


Fractures of the forearm present many prob- 
lems in mechanics because of the complicated 
system of muscles which control movements 
of the hand and the fingers. For practical pur- 
poses some anatomists consider the ulna a 
downward extension of the arm which is asso- 
ciated with motion and strength of the elbow, 
and the radius an upward extension of the 
hand concerned with motions of the hand and 
the wrist. Therefore, the principal articulation 
of the ulna is with the humerus, and that of 
the radius is at the wrist. It is well known 
that the head of the radius may be removed 
from its articulation with the humerus without 
causing any disability to the elbow. The 2 
forearm bones are joined by the interosseous 
membrane, the fibers of which run from the 
ulna to the radius in an upward direction. 
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Fig. 652. Exposure of the distal fourth of the radius. 
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Fig. 653. Exposure of the shaft of the ulna. 


If both bones of the forearm are fractured, 
the membrane has a tendency to pull the ulna 
toward the radius. In the important motions 
of pronation and supination, the ulna remains 
fixed and the radius rotates around it so that 
when the hand is in full pronation the radius 
comes to lie immediately over the ulna, cross- 
ing it a little above its middle. The distance 
between the bones is greatest in semiprona- 
tion. 

The pronator teres muscle is the important 
landmark in fractures of the forearm. It is lo- 
cated a little above the middle of the radius, 
and it must be determined whether the frac- 
ture is above or below its insertion (Fig. 654). 
In a fracture of the radius above the insertion 
of the pronator teres, the upper fragment of 
the radius is pulled into supination by the supi- 
nator brevis and the biceps; the lower frag- 
ment is fully pronated. In such a fracture the 
biceps also will accomplish some flexion of the 
proximal fragment. In fractures below the at- 
tachment of the pronator teres, the supinator 
brevis and the pronator teres will equalize 
each other between pronation and supination 
in the upper fragment, and the lower frag- 
ment will be in full pronation. 

The correct position for a radius fractured 
above the insertion of the pronator teres is 
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Fig. 654. Fractures of the radius in relation to the 
pronator teres muscle: (A) fracture above the inser- 
tion of the pronator teres; (B) fracture below the 
insertion of the pronator teres. 


Surgical Considerations 


with the elbow flexed and the hand supinated. 
In fractures below the pronator teres, the 
thumb up (midprone) position is used with 
flexion at the elbow. In this position the palm 
of the hand faces the chest. The important 
rule in all fractures of the radius above the 
position of a Colles’ fracture is to keep the 
elbow flexed, otherwise it will be impossible 
to maintain the forearm in any given position 
of rotation. 

Where both the radius and the ulna are frac- 
tured, the broken ends of bone are usually 
drawn together by the supinators and the pro- 
nators, and the interosseous space is nar- 
rowed. The lower fragments may be displaced 
laterally or anteroposteriorly with overriding. 
Shortening of the forearm results. 

The upper part of the shaft of the ulna may 
be fractured; this usually is associated with an- 
terior dislocation of the head of the radius due 
to the fact that the annular (orbicular) liga- 
ment also may be torn. This is so common 
an occurrence that in all fractures of the upper 
part of the ulna, radial dislocation should be 
ruled out. Fractures along other parts of the 
ulnar shaft are usually transverse and occur 
in the distal third of the bone, where muscle 
masses are replaced by tendons. Marked dis- 
placement usually is absent because of the 
splinting effect of the intact radius. However, 
there is a tendency toward a narrowing of 
the interosseous space; this is brought about 
by a pull from the pronator quadratus muscle 
upon the lower fragment. 


Fracture of the Head and the Neck 
of the Radius 


This usually occurs in adults from indirect vio- 
lence, such as a fall on the palm. Such a frac- 
ture produces interference with flexion and 
rotation of the forearm; these movements may 
produce crepitus. Reduction is brought about 
by pressure and flexion, and fixation is main- 
tained in supination and flexion. Excision may 
be necessary. Fracture of the neck of the ra- 
dius usually results from indirect violence, the 
fracture occurring between the head and the 
bicipital tuberosity. The treatment may be 
open or closed reduction. 
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Colles’ Fracture 


Colles’ fracture involves the lower end of the 
radius; it is nearly transverse and within 1 inch 
of the articular surface of the bone. It pro- 
duces a deformity due to dorsal displacement 
of the distal fragment and volar displacement 
of the proximal. Usually it is due to a fall on 
the extended hand, and the typical sign is the 
“silver fork” deformity, in which there is a 
prominence on the back of the wrist and a 
lateral displacement of the hand toward the 
radial side. This is not present if the fracture 
is impacted or incomplete. If proper reduction 
has been accomplished, the surface markings 
can be made out even in the presence of swell- 
ing. Normal relations should exist between the 
styloid processes, and a uniform line should 
be present along the forearm through the 
wrist and to the hand. 





Site of 


election. 


Fig. 655. Site of election in forearm amputations. 
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A reverse Colles’ fracture is called Smith’s 
fracture. This usually is produced by a fall on 
the back of the hand with the wrist flexed. 

Epiphyseal separation may be confused 
with a Colles’ fracture. It is common in chil- 
dren and may occur at any time up to the 
18th or the 20th year. Since the radius takes 
the brunt of the injury in falls on the out- 
stretched hand, separation of the distal ulnar 
epiphysis is rare. 


Amputations 


The site of election in forearm amputations 
is at the junction of the lower and the middle 
thirds. However, any site above this junction 
to within 3 or 4 inches of the elbow will pro- 
duce a good stump (Fig. 655). A short forearm 
stump is difficult to fit because the biceps mus- 
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cle pushes the limb socket when the elbow 
is flexed. 

In amputations of the forearm, anterior and 
posterior U-shaped incisions are made 
through the skin and the superficial fascia, 
thus outlining the flaps. The vertical incisions 
are carried through the muscles to the bone. 
The muscles on the anterior and the posterior 
aspects of the forearm are divided to the bone, 
and the periosteum is freed and retracted up- 
ward. The interosseous membrane is cut trans- 
versely at approximately the saw line, the 
soft parts are retracted, and the bones are 
sawed. Attempt is made to ligate separately 
the radial, the ulnar, and the anterior and the 
posterior interosseous arteries. The median, 
the ulnar and the radial nerves are cut short. 
The muscles and the deep fascia are closed 
over the bone ends, and the skin is closed with 
interrupted sutures. 


SECTION 8 SUPERIOR EXTREMITY 


Chapter 41 


Wrist 


The wrist is the link between the forearm and 
the hand. It contains the soft parts, the bones 
and the joints in that area which includes the 
carpus, the distal extremities of the radius and 
the ulna, and the bases of the metacarpals. 
The radiocarpal, the midcarpal and the carpo- 
metacarpal joints are located in the wrist, and 
it is in this region that the tendons of the 
forearm cross on their way to insert onto the 
carpus. The tendons are held close to the wrist 
bones by thickenings of the deep fascia which 
form ligaments. 


Carpal Bones 


There are 8 small carpal bones which are ar- 
ranged in 2 rows: proximal and distal. Each 
row consists of 4 bones which have received 
their names according to their general ap- 
pearance. The proximal row, named from lat- 
eral to medial, consists of the navicular (scaph- 
oid), the lunate (semilunar), the triquetrum 
(cuneiform) and the pisiform. The distal row, 
named from lateral to medial, presents the 
greater multangular (trapezium), the lesser 
multangular (trapezoid), the capitate (os mag- 
num) and the hamate (unciform) (Fig. 656). 

These 8 bones are more or less cubical in 
shape and, therefore, have 6 surfaces: proxi- 
mal, lateral, distal, medial, palmar and dorsal. 
Of these, only 2 surfaces, the anterior and the 
posterior, are roughened by the attachments 
of the ligaments. The remaining 4 surfaces, 
which articulate with adjacent bones, remain 
smooth and are entirely or partly covered 


with cartilage. The lateral surfaces of the lat- 
eral bones and the medial surfaces of the me- 
dial bones also receive ligamentous bands and 
are also roughened. 

The navicular (boat-shaped) bone does not 
withstand an indirect blow well. Such a blow 
may be received by falling on the palm of 
the hand in radial deviation. The bone is not 
adapted to receive such trauma because of 
its curved shape and obliquely curved axis. 
However, if the fall occurs, with the hand in 
ulnar deviation, only the proximal part of the 
bone is exposed to trauma. The navicular is 
the most commonly fractured of all the car- 
pals. 

The tubercle of the scaphoid can be felt 
through the skin at the base of the thenar 
eminence and in line with the radial side of 
the middle finger. At times it forms a visible 
protrusion, but it usually is concealed by the 
tendon of the flexor carpi radialis, which in- 
serts on it and can be felt when that muscle 
is relaxed. The distal transverse crease at the 
front of the wrist crosses this tubercle and the 
pisiform bone. 

The lunate (moon-shaped) is the middle 
bone of the proximal row; its distal articular 
surface, with a part of the distal scaphoid artic- 
ular surface, lodges the head of the capitate 
bone. It is the carpal bone which is dislocated 
most frequently. 

The triquetrum (triangular-shaped) articu- 
lates with the articular disk, and by means 
of a specialized surface it also articulates with 
the ulnar collateral ligament. This arrange- 
ment permits the triquetrum, with the pisi- 
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Fig. 656 The carpal bones: (A) seen from in front; (B) seen from the radial side; (C) seen from behind. 


form on its volar aspect, to glide toward the 
ulna in ulnar flexion. The remainder of the 
proximal surface of the bone is nonarticular. 
The scaphoid, the lunate and the triquetral 
bones form the carpal articular surface in the 
radiocarpal joint. 

The pisiform (pea-shaped) bone is located 
at the base of the hypothenar eminence on 
the medial side of the front of the wrist. Many 
anatomists consider it a sesamoid bone in the 
tendon of the flexor carpi ulnaris. When this 
tendon is relaxed, the bone can be moved 
about on the palmar surface of the triquetrum, 
thus revealing an isolated facet for the pisi- 
form. The latter bone does not enter into the 
radiocarpal joint. 

The trapezium (greater multangular) is the 
most radially placed bone of the distal row. 
This and the scaphoid can be palpated in the 
“anatomic snuffbox,” the hollow at the lateral 
side of the wrist which is situated between 
the styloid process of the radius proximally 
and the base of the metacarpal of the thumb 
distally. In this location the radial artery 
crosses these bones, and its pulsations can be 
felt here. 

The trapezoid and the trapezium are 


placed distally to the capitate. With the excep- 
tion of the pisiform, the trapezoid is the small- 
est of the carpal bones, and it has been likened 
to a Chinese boot. 

The capitate (headlike) is the largest of the 
carpal bones; it is centrally placed and appears 
most prominent. It has a head, a neck and a 
body. The head occupies the deep concavity 
on the medial side of the first row of bones, 
and the body below supports the 2nd, the 3rd 
and the 4th metacarpal bones. It is the head 
of the capitate which transmits the force of 
a fall upon the hand to the radius through 
the navicular and the lunate bones. 

The hamate (hooklike) bone presents a pro- 
jecting process, the hook of the hamate, which 
can be identified through the skin. It can be 
felt in the ball of the little finger about 1 inch 
below and lateral to the pisiform and in a line 
with the ulnar border of the ring finger. The 
interval between the hook and the pisiform 
allows the passage of the ulnar artery and 
nerve. 

The carpus is cartilaginous at birth. Com- 
plete ossification takes place between the 20th 
and the 25th years. The capitate, which is the 
largest of the carpal bones, begins to ossify 


Distal Skin Crease 


during the Ist year; with the exception of the 
pisiform, which undergoes ossification about 
the 12th year, all the carpal bones are in the 
process of ossification by the 8th year. As a 
whole, the bones of the carpus are fitted 
closely together but permit a certain amount 
of movement, thereby giving a degree of flexi- 
bility to the wrist. The proximal surface of 
the carpus reveals that the pisiform has been 
placed in front of the triquetrum, leaving only 
3 bones of the proximal row in the articulation 
with the wrist joint above and the distal row 
of carpal bones below. The widened distal end 
of the scaphoid supports 2 bones: the trape- 
zium and the trapezoid. The distal surface of 
the carpus, on the other hand, is quite irregu- 
lar, since 5 metacarpal bones must articulate 
with 4 distal carpal bones. The 4th and the 
5th metacarpals articulate with the hamate. 
The carpus as a whole forms a surface which 
is concave from side to side on its palmar as- 
pect and convex over its dorsum; the extremi- 
ties of this concavity give attachment to the 
flexor retinaculum (transverse carpal liga- 
ment) (p. 752). This ligament, plus its bony 
attachment, forms the osteofascial tunnel for 
the flexor tendons of the fingers. 


Distal Skin Crease 


The distal skin crease of the wrist is always 
visible and is an excellent landmark (Fig. 657). 
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It crosses the tip of the styloid process of the 
radius and the lower part of the lunate bone. 
It has the following features: it marks the prox- 
imal border of the transverse carpal ligament 
and the proximal row of the carpal bones. 
It is bisected by the tendon of the palmaris 
longus (the clenched fist renders this tendon 
prominent). The median nerve lies immedi- 
ately beneath the tendon of the palmaris 
longus; therefore, we may say that the median 
nerve bisects the crease. The flexor carpi ra- 
dialis tendon crosses its lateral third, and the 
flexor carpi ulnaris is at the extreme medial 
end of the crease. 

It is interesting to flex the index finger and 
observe the wrist. Although the index is 
placed radially, the tendon produces move- 
ments on the ulnar side of the wrist. This illus- 
trates the point that all the tendons of the 
flexor digitorum sublimis and the profundus 
lie on the ulnar side of the wrist; therefore, 
these tendons lie between the ulnar and the 
median nerves. 


Structures That Are Proximal to the Distal 
Skin Crease. These structures will be remem- 
bered more easily if they are discussed and 
visualized in layers or planes (Fig. 658). 

The first layer of structures consists of, from 
lateral to medial: the radial artery, the flexor 
carpi radialis tendon, the palmaris longus ten- 
don, the median nerve, the flexor carpi ulnaris 
and the ulnar artery and nerve. 

The radial artery, after crossing the prona- 
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Fig. 657. The distal skin crease of the wrist. 
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Fig. 658. The structures which are located proximal to the distal skin crease of the wrist. These structures 


are considered as lying in 3 layers. 


tor quadratus, comes in contact with the lower 
end of the radius. It then lies on the skeletal 
plane, and in this region it is covered only 
by skin, superficial and deep fascia. Therefore, 
this is the correct site to feel the pulse. The 
artery is no longer in relation to the major 
portion of the radial nerve, since the latter 
leaves it by winding around the radial border 
of the forearm deep to the brachioradialis ten- 
don. The artery disappears deep to the abduc- 
tor pollicis longus tendon. 

The flexor carpi radialis tendon lies be- 
tween the radial artery and the median nerve. 
As it passes distally, it pierces the deep fascia 
(flexor retinaculum), making a private tunnel 
for itself. In its course it travels over the tuber- 
cle of the scaphoid bone and may be used 
as a guide to this latter structure. 

The palmaris longus tendon is not always 
present, but if it is, it crosses at a point which 
is in the middle of the wrist and, therefore, 
bisects the distal skin crease. It crosses in front 
of the flexor retinaculum and continues into 
the palm as the palmar aponeurosis; it lies im- 
mediately above the median nerve. If this ten- 
don is absent, the nerve is more exposed to 
injury; hence, this tendon might be consid- 
ered as the “roof” or “protector” of the me- 
dian nerve. 

The median nerve is behind the flexor digi- 


torum sublimis in the forearm, but in the re- 
gion of the wrist it appears at the lateral bor- 
der of and somewhat above this muscle. It is 
differentiated from the surrounding tendons 
by the fact that numerous small vessels (vaso 
nervorum) are noted distinctly on its surface. 
At the wrist it lies directly behind the palmaris 
longus tendon, the deep fascia intervening be- 
tween the palmaris longus and the nerve; the 
latter usually clings to this deep fascia. At 
times a small “median artery” accompanies 
it. 

The flexor carpi ulnaris tendon lies at the 
medial extremity of the distal skin crease. It 
forms a “roof” and protection for the ulnar 
nerve and artery and acts as a guide to the 
pisiform bone. The muscle does not become 
entirely tendinous, but as far as the wrist, dis- 
tinct muscular fibers of the flexor carpi ulnaris 
accompany the tendon, so that it is really half 
tendon and half muscle. 

The ulnar artery and nerve are both pro- 
tected by the overlying flexor carpi ulnaris 
tendon. They are bound together closely by 
connective tissue, and it is extremely difficult 
to ligate the artery in this region without in- 
corporating the nerve. 

The second layer consists of the flexor digi- 
torum sublimis. This group of 4 tendons lies 
between the median and the ulnar nerves, 


Distal Skin Crease 


and, as they pass forward into the palm, the 
tendons of the middle and the ring fingers 
are placed somewhat in front of those for the 
index and the little fingers (Fig. 659). 

The third layer consists of the flexor digito- 
rum profundus and the flexor pollicis longus. 
The 4 tendons of the flexor digitorum profun- 
dus enter the hand by passing behind the sub- 
limis. The tendon for the index finger sepa- 
rates from the remainder of the muscle about 
halfway down the forearm and represents a 
large structure. These 4 tendons do not lie 2 
upon 2, as do the tendons of the flexor digito- 
rum sublimis, but they all lie in the same plane 
(Fig. 659). The flexor pollicis longus tendon 
lies in the same plane as the flexor digitorum 
profundus but is easily separated from it, since 
it travels in its own synovial sheath. It is found 
immediately beneath and lateral to the me- 
dian nerve. At the extreme lateral (radial) 
margin of the wrist, the tendons of the abduc- 
tor pollicis longus and the extensor pollicis 
brevis are found. They form the anterior mar- 
gin of the “anatomic snuffbox” (p. 739). 


Structures That Are Distal to the Distal Skin 
Crease. The transverse carpal ligament has 
been referred to as the anterior annular liga- 
ment and the flexor retinaculum. It is a spe- 
cialized portion of the deep fascia of the 
forearm which assumes the form of a tough 
fibrous band stretching across the arch formed 
by the carpal bones. It attaches to the 4 end 
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bones of the carpus, namely, the navicular 
(scaphoid) and the greater multangular (tra- 
pezium) laterally, and the pisiform and the 
hamate medially (Fig. 660). 

The arched carpal bones and the transverse 
carpal ligament form an osseofibrous tunnel 
called the carpal tunnel. Proximally, the liga- 
ment is continuous with the deep fascia of 
the forearm; distally, it merges with the pal- 
mar fascia. 

The structures superficial to the transverse 
carpal ligament are the palmaris longus ten- 
don, the ulnar nerve and artery, the superfi- 
cial branch of the radial artery and the cutane- 
ous nerves and veins. 

The structures passing deep to the trans- 
verse carpal ligament are the median nerve, 
the flexor digitorum sublimis, the flexor digito- 
rum profundus and the flexor pollicis longus. 

Unnecessary confusion seems to exist be- 
tween the volar carpal ligament and the trans- 
verse carpal ligament. The volar carpal liga- 
ment is a fascial process which passes from 
the pisiform bone and the flexor carpi ulnaris 
medially to the palmar surface of the trans- 
verse carpal ligament laterally. In this way 
it forms the roof of a tunnel for the ulnar ar- 
tery and nerve, the floor of the tunnel being 
formed by the medial border of the transverse 
carpal ligament. The median nerve, the flexor 
digitorum sublimis, the flexor digitorum pro- 
fundus and the flexor pollicis longus cross un- 
der the ligament. The flexor carpi radialis goes 





Fig. 659. Deep dissection in the wrist, showing the arrangement of the tendons. 
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Fig. 660. The flexor retinaculum (transverse carpal 
ligament). Its attachments to the 4 end bones of 
the carpus are shown. 


through the ligament, creating in this way a 
fibrous tunnel for itself. 

The carpal tunnel syndrome results from 
compression of the median nerve as it passes 
beneath the transverse carpal ligament at the 
volar surface of the wrist. Tingling and various 
sensory involvements are limited to the fin- 
gers supplied by the median nerve. At times, 
a weakness is present over the abductor pol- 
licis muscle. 


Joints 


Radiocarpal (Wrist) Joint 


This is the joint which exists between the fore- 
arm and the hand, the other joints in this 
region being known as the intercarpal joints 
(Fig. 661). The proximal surface of the radio- 
carpal joint is formed by the concave lower 
articular surface of the radius and the articular 
disk. The distal surface is formed by the con- 
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vex scaphoid, the lunate and the triquetral 
bones. Union is maintained by a capsular liga- 
ment which is strengthened by the anterior 
and the posterior radiocarpal, and the lateral 
and the medial ligaments of the wrist. 

The capsular ligament is of moderate 
strength and is attached close to the margins 
of the articular surfaces. 

The anterior and the posterior ligaments 
only moderately strengthen their respective 
aspects of the capsule. The fibers of these liga- 
ments pass obliquely downward and medially 
from the front and the back of the proximal 
row of carpal bones and to the capitate. There- 
fore, during pronation and supination of the 
forearm, the radius drags the carpal bones af- 
ter it. 

The lateral (radial collateral) ligament 
passes from the radial styloid process to the 
tuberosity of the navicular and the greater 
multangular. The radial artery crosses it. 

The medial (ulnar collateral) ligament ex- 
tends from the styloid process of the ulna to 
the pisiform and the triquetrum. 

The synovial membrane lines the interior 
of the capsular ligament, the inferior surface 
of the articular disk and the 2 interosseous 
ligaments which complete the carpal surface. 
It does not communicate with the intercarpal 
joints. The blood supply is derived from the 
carpal branches of the radial, the ulnar and 
the interosseous arteries and the recurrent 
branches of the deep palmar arch. The nerve 
supply of the radiocarpal joint is derived from 
the anterior and the posterior interosseous 
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Fig. 661. The radiocarpal (wrist) joint, seen in frontal section. 


Joints 


nerves and the dorsal and the deep branches 
of the ulnar nerve. 

The active movements at the wrist joint are 
flexion, extension, abduction (radial devia- 
tion), adduction (ulnar deviation) and circum- 
duction, the last being produced by a combi- 
nation of the preceding movements. Rotation 
of the carpus and the hand around a vertical 
axis cannot be performed actively. Move- 
ments are checked in some cases by ligaments 
and tendons. When the fingers are flexed, the 
stretched extensor tendons do not allow full 
flexion of the wrist. Abduction is less free than 
adduction because the styloid of the radius 
meets the carpus. 


Intercarpal Joints 


In the carpus there are 2 joint cavities: the 
pisiform and the transverse carpal (Fig. 662). 

The pisiform joint is a small synovial joint 
which possesses a capsular ligament and a 
synovial membrane. Its cavity is shut off from 
the other joint cavities of the carpus. 

The transverse carpal joint is a synovial 
joint which is common to the other intercarpal 
joints; it also has been referred to as the inter- 
carpal or midcarpal joint. It is located between 
the bones of the proximal and distal rows of 
the wrist. These bones are connected to one 
another by palmar and dorsal ligaments, and 
at the radial and the ulnar extremities of the 
joint, by the lateral and the medial ligaments. 
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The synovial membrane which lines this joint 
cavity is thin, not only between the 2 rows 
of bones, but also between the scaphoid and 
the lunate, between the lunate and the trique- 
tral and downward between the bones of the 
distal row. Generally the cavity communicates 
with the joint cavities of the 4 medial carpo- 
metacarpal and the intermetacarpal joints. 
The opposed surfaces of the carpal bones, 
which are nonarticular, are connected to each 
other by interosseous ligaments. 

The intercarpal joints derive their nerve 
supply from the anterior and the posterior in- 
terosseous nerves and the dorsal and the deep 
branches of the ulnar nerve. The movements 
at these joints supplement those at the radio- 
carpal joints and increase the range of move- 
ments of the hand. Between the individual 
bones of each row the movements are of a 
gliding nature and are quite limited. 


Carpometacarpal and 
Intermetacarpal Joints 


The metacarpal bone of the thumb articulates 
with the os trapezium by a joint which is en- 
tirely separated from the other carpometacar- 
pal joints (Fig. 662). It is a synovial joint of 
the saddle variety and, because of its shape, 
permits a wide range of movements. The ar- 
ticular capsule which surrounds it is suff- 
ciently lax to permit these movements. 

The medial 4 metacarpal bones are con- 
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Fig. 662. The radiocarpal, the intercarpal and the carpometacarpal joints. Frontal section through the 


joints of the carpus. 
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nected to the carpus by the palmar and the 
dorsal ligaments and by one interosseous liga- 
ment. A medial ligament is present also; this 
closes the medial side of the joint of the 5th 
metacarpal bone. The interosseous ligament 
arises from the contiguous distal margins of 
the capitate and the hamate bones and runs 
to the medial side of the base of the 3rd meta- 
carpal bone. The metacarpal bones of the fin- 
gers are united by strong ligaments and articu- 
late with each other at their bases. 

The ligaments which bind the medial 4 
metacarpals together are: (1) a series of palmar 
and dorsal metacarpal ligaments which pass 
transversely between the palmar and the dor- 
sal surfaces of the bases; (2) three interosseous 
ligaments which pass between the nonarticu- 
lar parts of the sides of contiguous bases; (3) 
the deep transverse ligament of the palm, 
which indirectly connects the heads of the 
bones. Though the intercarpal, the carpo- 
metacarpal and the intermetacarpal joints are 
spoken of individually as having separate liga- 
ments, these constitute one single ligament 
which surrounds a continuous joint cavity. 
(The pisiform joint and the carpometacarpal 
joint of the thumb possess separate capsules.) 
The synovial membrane lines all the ligaments 
and is prolonged over all the intra-articular 
parts of the bone that do not contain articular 
cartilage. 


Metacarpophalangeal and 
Interphalangeal Joints 


The metacarpophalangeal joints are synovial 
joints which form where the head of the meta- 
carpal articulates distally with the base of the 
proximal phalanx and anteriorly with the pal- 
mar ligament. Union is maintained by a capsu- 
lar ligament which is greatly strengthened in 
front by the palmar ligament and at the sides 
by collateral ligaments. 

The capsular ligament is attached near the 
margin of the articular surfaces, but posteri- 
orly it is defective, and its place is taken by 
the expanded extensor tendon. 

The collateral ligaments are strong oblique 
bands which pass downward and forward 
from the sides of the head of the proximal 
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bone of the joint to the sides of the base of 
the distal bone. 

The palmar ligament is a dense fibrous 
plate which is the thickened palmar part of 
the capsular ligament. At the sides it fuses 
with the collateral ligaments and is connected 
with the deep transverse ligaments of the 
palm. Distally, it is attached to the base of 
the phalanx; proximally, it is loosely connected 
with the palmar surface of the metacarpal im- 
mediately above the head. It forms part of 
the socket and articulates with the front of 
the head. Its palmar surface is smooth and is 
covered by the flexor tendons and their syno- 
vial sheaths. In a metacarpophalangeal joint 
of a finger, the margins of the palmar ligament 
give attachment to the deep transverse liga- 
ment of the palm and partial attachment to 
the processes of the palmar aponeurosis. 

The interphalangeal joints are similar in 
structure to the metacarpophalangeal joints. 
They are of the synovial variety and have cap- 
sular, collateral and palmar ligaments. The in- 
terphalangeal joints have ligaments corre- 
sponding to those of the metacarpophalangeal 
joints but, since they do not have rounded 
heads, they do not permit adduction or abduc- 
tion. 


Surgical Considerations 


Injuries to the carpal bones result from falls 
on the outstretched palm, the force being di- 
rected from the 3rd metacarpal to the capitate 
and then to the navicular and the lunate (Fig. 
663). Any type of injury may result; the most 
common is fracture of the navicular, and the 
next most frequent is dislocation of the lunate. 


Fracture of the Navicular 
(Scaphoid) Bone 


' This fracture is more frequent than had been 


suspected previously. As a result of a fall on 
the outstretched hand, the navicular is 
brought directly under the radius and is 
pinched between it and the capitate bone. 
Treatment is by reduction and immobiliza- 


Dislocations of the Wrist 





Fig. 663. The mechanism of injury to the navicular 
or lunate bone. The arrows indicate the direction 
of force following a fall on the outstretched hand. 


tion. Excision of the navicular, either total or 
partial, should be avoided, if possible, since 
this leaves a permanent disability. 


Dislocation of the Lunate 
(Semilunar) Bone 


Dislocation of this bone is caused by a fall on 
the outstretched hand which results in a mo- 
mentary backward dislocation of the wrist. 
Since the lunate is attached more firmly to 
the radius and the ulna than are the other 
carpal bones, it does not take place in the 
backward dislocation; its ligamentous connec- 
tion with the other carpals is torn. The back- 
ward wrist dislocation spontaneously reduces 
itself and, on returning, knocks the lunate for- 
ward. The proximity of the median nerve 
must be kept in mind, since an anteriorly dis- 
located lunate may produce signs of median 
nerve involvement. The dorsal ligament, 
which contains the important nutrient vessel 
to the bone, may be injured, and this may 
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result in a progressive degeneration called 
Kienböch’s disease. 


Dislocations of the Wrist 


Dislocations of the wrist are rare; they may 
be forward or backward, and their importance 
is mainly in their recognition, since they may 
resemble a Colles’ or Smith’s fracture. In dislo- 
cations the relationship between the styloid 
processes is preserved, but the relation of the 
carpal bones to these processes is altered. Dis- 
location usually involves the radiocarpal artic- 
ulation; frequently, it is compound, and the 
articular edge of the radius may be fractured. 
True dislocation may occur from great vio- 
lence, and the inferior end of the radius and 
the ulna then protrude, either to the dorsal 
or the volar surface of the wrist. In dorsal dislo- 
cation of the carpus, the deformity may re- 
semble a Colles’ fracture but it is closer to 
the hand. Dislocation of the inferior radioul- 
nar joint is an extremely rare wrist dislocation, 
but it may complicate a fracture. Reduction 
should be accomplished by pressure on the 
displaced bone with supination. 


Arthrodesis of the Wrist Joint 


A surgical bony ankylosis of the wrist joint 
usually is created for flail wrist, ankylosis in 
a faulty position, wrist drop or arthritis (Fig. 
664). The position of choice (optimum posi- 
tion) for ankylosis should be sought; this is a 
30° extension with some degree of ulnar devi- 
ation. In this position the flexors and the exten- 
sors are in proper balance. With the hand in 
pronation, a dorsal incision is begun opposite 
the center of the 2nd metacarpal; it is contin- 
ued obliquely upward, bisecting a line drawn 
between the styloid processes and ending 
about 2 inches above the radial styloid. The 
dorsal carpal ligament is exposed and divided, 
and the extensor tendons are retracted. The 
capsule is opened so that the proximal row 
of carpal bones is exposed. A small wedge may 
be removed from the radius, the navicular and 
the lunate bones, or the bony surfaces may 
be curetted. 
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Fig. 664. Arthrodesis of the wrist joint: (A) skin 
incision and division of the dorsal carpal ligament; 
(B) retraction of the extensor tendons and incision 


Amputations and Disarticulations 


Amputations and disarticulations at the wrist 
joint prevent the proper fitting of artificial 
hands; if possible, they should be avoided. 
However, there are times when carpometa- 
carpal disarticulation is indicated; if possible, 
the thumb and a finger or other parts of the 
hand should be saved. A U-shaped incision is 
begun on the palmar side about % inch below 
the styloid process of the radius, passing down 
to the middle of the 2nd metacarpal, where 
it arches across the middle of the remaining 
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into the capsule; (C) the joint cavity is exposed, 
and the radius is curetted. 


metacarpals and ends about 1 inch below the 
styloid of the ulna. The dorsal incision is 
placed transversely across the carpal bones 
and connects with the palmar incision. The 
palmar flap is deepened to the flexor tendons 
and is reflected to the joint. The extensor ten- 
dons and ligaments are divided, the joint is 
traversed, and the flexor tendons and the re- 
maining tissues are severed in similar fashion. 
Tendons and nerves are cut short. Some au- 
thorities advocate suturing the tendons to- 
gether, but others permit them to retract. Af- 
ter careful hemostasis has been achieved, the 
wound is closed in layers. 


SECTION 8 SUPERIOR EXTREMITY 


Chapter 42 


Hand 


The hand is an organ that is directed by the 
will and is capable of a great variety of compli- 
cated movements. These movements are pos- 
sible because of the highly co-ordinated ac- 
tions of its intrinsic and extrinsic muscles and 
its numerous joints. The thumb is all-impor- 
tant to the hand, since the property of apposi- 
tion depends on it; without this, the functional 
capacity of the hand is reduced greatly. 

The hand can be divided conveniently into 
the palmar region, the dorsal region and the 
phalanges. 


Palmar Region 


This region is quadrilateral in shape and con- 
tains the soft parts in front of the metacarpal 
bones. The “hollow” of the hand is the trian- 
gular central part which is bounded on the 
radial side by the thenar eminence and on 
the ulnar side by the hypothenar eminence. 
These eminences approximate each other as 
they approach the wrist. It is helpful to con- 
sider the central part of the palmar region 
and then to discuss the thenar and the hy- 
pothenar eminences. The central part of the 
palm consists of the following 9 layers, from 
superficial to deep (Fig. 665): 

l. The skin 

2. The subcutaneous tissue 

3. The palmar aponeurosis 

4. The superficial volar arch and the median 
nerve 

5. The flexor tendons, their sheaths and the 
lumbrical muscles 


6. The deep palmar spaces 

7. The deep volar arch and the ulnar nerve 
8. The adductor pollicis and the interosseus 
muscles 

9. The metacarpal bones 


Skin. The skin of the palm is thicker, coarser 
and more vascular than that of the dorsum 
of the hand. It is thin over the thenar emi- 
nence and especially thick over the heads of 
the metacarpals. It is free from hairs and seba- 
ceous glands but is well supplied with sweat 
glands. Two transverse skin creases (proximal 
and distal) are present in the palm (Fig. 666). 
The proximal crease accommodates move- 
ments of the index finger and approximately 
marks the convexity of the superficial volar 
arterial arch. The distal crease accommodates 
movements of the medial 3 digits and marks 
the heads of the 3rd, the 4th and the 5th meta- 
carpals. A vertical palmar crease which limits 
the thenar eminence also is present. 

A series of longitudinal grooves extend from 
the roots of the fingers toward the palm; be- 
tween these grooves are raised intervals of 
fatty tissue. The grooves correspond to the 
digital slips of palmar fascia, and the raised 
intervals mark the lumbrical spaces, which 
contain the digital vessels, the nerves and the 
lumbrical muscles. 

The palmar region of the hand receives its 
cutaneous nerve supply from the following 
nerve branches (Figs. 666 and 668): the pal- 
mar cutaneous branch of the median nerve 
arises about 1 inch above the wrist, passes 
obliquely downward behind the flexor carpi 
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Fig. 665. Cross section through the right hand, showing the 9 layers in the center of the palmar region 
of the hand. 
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Fig. 666. The skin creases and the cutaneous nerve supply of the palmar region. 
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radialis tendon and pierces the deep fascia 
between that tendon and the tendon of the 
palmaris longus. It then descends, branching 
as it goes, to supply the skin of the hollow 
of the palm. 

The palmar cutaneous branch of the ulnar 
nerve is very slender and at times is difficult 
to find. It arises at a variable point below the 
middle of the forearm and passes downward 
over the ulnar artery; it pierces the deep fascia 
near the wrist and supplies the skin over the 
medial third of the palm. 

The terminal part of the radial nerve 
pierces the deep fascia about 2 inches above 
the styloid process of the radius at the lateral 
border of the front of the forearm. It descends, 
crossing the tendons that overlie the lateral 
surface of the distal end of the radius, and 
supplies the skin over the thenar eminence. 

The palmar digital nerves are 7 in number; 
2 arise from the ulnar nerve and are distrib- 
uted to the little finger and the medial half 
of the ring finger. The others arise from the 
median nerve and are distributed to the outer 
3% digits. These nerves are accompanied by 
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the palmar digital vessels, which are in front 
of them in the palm but behind them at the 
sides of the fingers. They supply the joints of 
the digits and the soft parts on the sides and 
the front of the fingers. Each nerve terminates 
at the end of the digit by dividing into 2 
branches, one of which enters the pulp of the 
digit and the other the bed of the nail. 


Subcutaneous Tissue. The skin is bound to the 
palmar aponeurosis by fibrous septa, between 
which quantities of granular fat are present. 
This fat constitutes the subcutaneous tissue. 
Over the ball of the thumb (thenar eminence) 
and the ball of the 5th finger (hypothenar emi- 
nence) this fat is not so plentiful or granular. 
Where skin creases are found, subcutaneous 
fat is present in small amounts or is absent 
entirely; hence, perforating injuries are seri- 
ous in these locations. 

The palmaris brevis muscle (Fig. 667) is a 
superficial sheet of muscle which arises from 
the flexor retinaculum and the ulnar margin 
of the palmar aponeurosis. It passes medially, 
superficial to the ulnar vessels and nerve, and 


Fig. 667. The palmar aponeurosis. The triangular intermediate part is thick and strong, but the medial 


and the lateral parts are thin and weak. 
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inserts into the skin of the ulnar border of 
the hand. The superficial branch of the ulnar 
nerve supplies it. This muscle raises the skin 
and the fascia over the hypothenar eminence 
when the fingers bend; this enables the hand 
to grasp more firmly. 

The webs of the fingers are present over 
the palm of the hand but are absent on the 
dorsum. In these webs transverse fibers (su- 
perficial transverse ligaments) are found. 
These should not be confused with the superfi- 
cial transverse metacarpal ligaments, which 
are incomplete and pass across the webs just 
anterior to the digital vessels and nerves. 

The palmaris brevis muscle (ulnar nerve) 
is thin and subcutaneous and lies across the 
uppermost inch of the hypothenar eminence, 
hiding the termination of the ulnar artery and 
nerve. It arises from the flexor retinaculum 
and the palmar aponeurosis and is inserted 
into the skin of the ulnar border of the hand. 
If the palm of the hand is placed in the posi- 
tion of scooping up water, the skin over the 
hypothenar eminence is thrown into wrinkles 
caused by the action of the palmaris brevis. 
This muscle must be severed and reflected 
before the hypothenar fascia and muscles be- 
come visible. 


The Palmar Aponeurosis. This deep palmar 
fascia is divided into medial, lateral and inter- 
mediate parts (Fig. 667). The medial and the 
lateral portions are thin and weak, and they 
extend over the hypothenar and the thenar 
eminences, respectively. The intermediate 
part is thick and strong and is the palmar apo- 
neurosis proper. It is triangular in shape, with 
its apex placed proximally, where it becomes 
continuous with the palmaris longus tendon 
and the flexor retinaculum. Opposite the distal 
transverse palmar crease it divides into 4 slips, 
one going to each finger. Between these slips 
the digital vessels and nerves and the lumbri- 
cal muscles are located. Each slip divides into 
2 processes between which the flexor tendons 
pass. These processes diverge and attach along 
the inner and outer aspects of the proximal 
phalanges and to the proximal part of the sec- 
ond phalanges. They are continuous with the 
fibrous flexor sheath and assist in flexion; they 
also bind the flexor tendons to the front of 


Superior Extremity: Hand 


the fingers. A spontaneous contracture of the 
palmar fascia results in a flexion of the fingers 
which is known as Dupuytren’s contracture. 

At the base of the palmar fascia the diver- 
ging slips areconnected tooneanother by trans- 
verse fibers called the superficial transverse 
metacarpal ligaments. In order to avoid confu- 
sion concerning these ligaments, it is wise to 
recapitulate: (1) The superficial transverse 
(palmar) ligament appears in the webs of the 
fingers as a thin band of transverse fibers. It 
stretches across the roots of the 4 fingers; how- 
ever, at times it is incomplete. (2) The superfi- 
cial transverse metacarpal ligament is a part 
of the palmar aponeurosis which connect the 
diverging slips of fascia. (3) The deep trans- 
verse metacarpal ligament holds the heads 
of the metacarpal bones together on their pal- 
mar surfaces. (4) The dorsal transverse meta- 
carpal ligament holds the heads of the meta- 
carpal bones together on their dorsal aspect. 

Between the 4 digital processes of the cen- 
tral portion of the palmar fascia are 3 intervals. 
These are occupied by fat in which is imbed- 
ded the digital arteries, the nerves and the 
lumbrical muscles. Corresponding to these in- 
tervals, in the distal part of the palm, are 3 
slight elevations. If the palm is inspected, it 
is noticed that these elevations are bounded 
by 4 vertical depressions which mark the fu- 
sion of the digital processes of the palmar fas- 
cia with the fibrous sheath containing the 
flexor tendons. These elevations mark 3 inter- 
vals of surgical importance which have been 
referred to by such names as commissural 
spaces, lumbrical canals or web spaces. They 
are important because infections extending 
from the subcutaneous tissue of the finger to 
the subaponeurotic spaces of the palm must 
pass by way of these spaces. 

The space is bounded anteriorly by the su- 
perficial transverse palmar ligament, posteri- 
orly by the deep transverse metacarpal liga- 
ment and laterally by the digital processes of 
the palmar fascia which fuse with the theca 
(fibrous tendon sheath). Their contents are 
fatty tissue, lumbrical muscle and the digital 
vessels and nerves. 

The superficial volar (palmar) arch lies im- 
mediately beneath the palmar aponeurosis 
and upon the branches of the median nerve 
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(Fig. 668). It is formed by a continuation of 
the ulnar artery and one of the 3 branches 
of the radial artery (superficial palmar, prin- 
ceps pollicis or radial indicis). The anastomosis 
between the ulnar artery and the radial 
branch is so complete that both ends require 
ligation when the arch is cut. The arch lies 
superficial to the flexor tendons, the lumbrical 
muscles and the digital branches of the me- 
dian nerve in the hand. These digital vessels 
and nerves cross each other in their trip 
through the palm: hence, in the fingers the 
nerve lies superficial to the vessels. The medial 
3% fingers are supplied by the arch through 
4 digital vessels. The branch to the 5th finger 
does not bifurcate but travels along the ulnar 
border of this finger. The other 3 digital 
branches bifurcate in the 2nd, the 3rd and 
the 4th finger webs, each being distributed 
to its respective finger borders. The proximal 


Fig. 668. The volar arches and the median and 
the ulnar nerves. The superficial volar arch is 
formed mainly by the ulnar artery and a small 
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transverse palmar skin crease marks the con- 
vexity of the arch. 

The median nerve enters the palm behind 
the transverse carpal ligament, and at the dis- 
tal border of the ligament it breaks up into 
lateral and medial divisions (Figs. 668 and 
669). The lateral division supplies the thenar 
muscles (recurrent branch), both sides of the 
thumb and the radial side of the index finger. 
The digital branch to the index finger supplies 
a branch which innervates the first lumbrical 
muscle. There are 2 medial divisions; both bi- 
furcate to supply the adjacent sides of the in- 
dex, the middle and the ring fingers. From 
the first of these divisions the nerve supply 
to the second lumbrical is derived. Therefore, 
the motor part of the median nerve supplies 
5 muscles: the 3 thenar muscles (abductor pol- 
licis brevis, opponens pollicis and flexor polli- 
cis brevis) and the 2 lateral lumbricals (lumbri- 


branch of the radial artery; the deep volar arch 
is formed mainly by the radial artery and a small 
branch of the ulnar artery. 
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Fig. 669. Distribution of the median nerve. The 
median nerve has both sensory and motor fibers. 
Its motor fibers supply 5 muscles of the hand, 


cals 1 and 2). The sensory fibers of the median 
nerve supply the lateral 3% fingers and the 
corresponding part of the palm. 


Flexor Tendons, Their Sheaths and the Lum- 
brical Muscles. As the flexor tendons (sub- 
limis, profundus and pollicis) pass under the 
transverse carpal ligament and into the palm 
they are provided with 2 sheaths: a fibrous 
and a synovial. 

The fibrous sheaths of the thumb and the 
little finger are similar in construction to those 
of the middle 3 fingers. With the underlying 
bone, they form strong osteofascial tunnels 
which retain the tendons in place. A pair of 
tendons (sublimis and profundus) pass under 
each fibrous flexor sheath. The sheaths attach 
to the lateral and the medial borders of the 
phalanges. In front of the joints they are pli- 
able and thin, but in front of the bodies of 
the proximal and the middle phalanges the 
fibers are curved transversely and are strong. 
These structures (flexor retinaculum, palmar 
aponeurosis and fibrous flexor sheaths) consti- 
tute a single continuous fibrous plate, the main 
function of which is to hold the tendons in 
position and to increase their efficiency. The 
arrangement of the fibrous flexor sheaths con- 
verts part of the tendon sheaths into cul-de- 
sacs. Directly beneath these resisting bands, 
the space is restricted greatly, so there is little 
or no room for pus. On the other hand, toward 
the finger end in front of the 2nd joint and 
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namely, the 3 thenar thumb muscles and the first 
2 lumbricals. 


also in front of the metatarsophalangeal joint, 
dilatations in which pus may collect exist. In 
contradistinction to the arrangement in the 
foot, the palmar aponeurosis gives no fibrous 
extension to the thumb. The wide range of 
motion of the thumb is due to this fact and 
is characteristic of the human hand. 

The synovial or mucous sheath is a lubricat- 
ing device in tubular form which ensheaths 
a tendon. These are necessary for the flexor 
tendons, since they rub on the back of the 
flexor retinaculum during flexion of the wrist, 
and during extension they rub against the car- 
pal bones and the anterior margin of the lower 
end of the radius. Therefore, these tendon 
sheaths act as bursae. The sheath forms a sac 
which is closed at both ends and is made up 
of glistening, endothelial-lined membranes 
(Fig. 670). 

Each within its sheath has or did have a 
mesotendon which is a double layer of syno- 
vial membrane attaching the tendon to the 
wall of the sheath and carrying vessels to it. 
It is attached to the side of the tendon which 
has least friction. The flexor tendons (sublimis, 
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Fig. 670. Arrangement of a tendon sheath. 
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profundus and pollicis) must have these 
sheaths, first, where they pass through the os- 
seofibrous carpal tunnel and, then, where they 
pass through the osseofibrous digital tunnel. 
Therefore, there are carpal synovial and digi- 
tal sheaths. However, in the thumb the sheath 
is always in continuity, but that of the 5th 
finger may fail to unite in about 10 per cent 
of the cases and thus be identical with that 
of the other fingers. The sheaths of the index, 
the middle and the ring fingers remain sepa- 
rate (Figs. 671 and 672). The carpal sheaths 
of the 4 sublimis and the profundus tendons 
become one and are then known as the com- 
mon flexor (carpal) sheath; this has a laterally 
placed mesotendon. 

The digital synovial sheaths of fingers 2, 3 
and 4 extend from the neck of the metacarpal 
bone to the base of the third phalanx, where 
the profundus tendon ends. Over the middle 
third of these metacarpal bones the corre- 
sponding tendons have no sheaths. The com- 
mon flexor synovial sheath extends for about 





765 





Common | 
tendon ---}--- 


sSheatn 


Fig. 671. The synovial sheaths. 
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¥% to l inch above and below the flexor reti- 
naculum. The sheaths investing the tendons 
to the 5th finger as a rule continue proximally 
without interruption to join the common 
flexor sheath at the wrist. This common flexor 


Fig. 672. Arrangement of the flexor tendon sheaths in the fingers, the hand and the wrist. The ulnar 


bursa has been divided into its 3 component parts. 
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sheath, with its extension along the little fin- 
ger, is called the ulnar bursa. The tendon of 
the thumb has a sheath which extends from 
the base of the last phalanx to 1 inch beyond 
the proximal border of the wrist joint; this is 
called the radial bursa. These two bursae 
have been discussed elsewhere (p. 778); they 
may be separate or they may communicate 
with each other. Should they communicate, 
an infection can spread easily from one sheath 
to the other. Thus, in a tenosynovitis of the 
thumb, the infection may extend along the 
sheath and infect the sheath of the little finger 
via such a communication. The radial and the 
ulnar bursae lie on the front of the carpus 
and are separated from the wrist and the in- 
tercarpal joints only by ligaments. Therefore, 
these joints may become infected from such 
suppurative processes. 

Certain portions of the original mesoten- 
dons of the flexors may remain as triangular 
folds, vincula, which pass between the ten- 
dons and the phalanx. The blood vessels run 
in the vincula to the tendons as they would 
in any mesentery. 
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Scheldrup has described certain variations 
in tendon sheath patterns in the hand and 
has worked out their frequency statistically; 
these are represented in Figure 673. It is his 
opinion that the generally accepted anatomic 
pattern is present in 71.4 percent of cases. 
He has described 8 separate and different 
types of anastomoses. These are important to 
keep in mind, since they may alter the spread 
of infection in tenosynovitis. 

Opposite the base of the proximal phalanx 
the sublimis tendon divides so that the profun- 
dus tendon can pass to its insertion into the 
volar aspect of the base of the distal phalanx. 
The slips of the sublimis tendon insert into 
the volar surface of the base and the sides 
of the middle phalanx (Fig. 674). 

The lumbrical muscles are 4 fleshy muscles 
that arise from the tendons of the flexor digito- 
rum profundus and insert into the radial side 
of the tendinous expansions of the extensor 
digitorum communis of the medial 4 fingers 
(Fig. 675). They are peculiar in that they arise 
from flexor tendons and insert into extensors. 

Each lumbrical muscle passes to the radia) 
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Fig. 673. Some of the variations in tendon sheath patterns and their statistical frequencies according 


to Scheldrup. 
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Fig. 674. Insertion of the flexor tendons. The sub- 
limis separates, and the profundus perforates. 


side of the corresponding finger and is accom- 
panied by the digital vessels and nerves. They 
lie behind the vessels and the nerves and on 
the deep transverse metacarpal ligament; the 
interossei lie behind this ligament. The lateral 
2 lumbricals arise by single heads from the 
radial sides and the volar surfaces of the deep 
tendons of the index and the middle fingers. 
The medial two each arise by 2 heads from 
adjacent sides of the tendons of the middle, 
the ring and the little fingers. 


These slender muscles end in delicate ten- © 


dons which pass backward across the lateral 
surface of the metacarpophalangeal joint and 
connect with the expansion of the extensor 
tendon. It is inserted with the tendon of an 
interosseous muscle into the base of a terminal 
phalanx. They flex the finger at the metacar- 
pophalangeal joints but extend them at the 
2 interphalangeal joints through the medium 
of the extensor expansions. 

The action of the muscle is interesting, since 
in suppurative tenosynovitis of the flexor ten- 
dons and their sheaths, complete loss of func- 





Fig. 675. The 4 lumbrical muscles. 
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tion may result; yet often the patient can flex 
the metacarpophalangeal joint by means of 
the lumbrical muscles. The lateral 2 lumbri- 
cals are supplied on their superficial surface 
by the median nerve. The medial two are sup- 
plied on their deep surface by the deep 
branch of the ulnar nerve. The lateral two 
arise by single heads, and the medial lumbri- 
cals arise by double heads. This fact is impor- 
tant because it explains the formation of a fi- 
brous septum which divides the palm into 
midpalmar and thenar spaces. 

Any fibrous septum (partition) which ex- 
tends from the palmar aponeurosis deep into 
the palm is interrupted by the double-headed 
lumbricals which are associated with the 4th 
and the 5th fingers. However, such a lamina 
can be carried back on the lateral side of the 
belly of the 2nd lumbrical throughout its en- 
tire extent and insert onto the 3rd metacarpal 
bone. In this way a fibrous partition is formed 
which passes from the undersurface of the pal- 
mar aponeurosis to the 3rd metacarpal bone. 
This fibrous septum is the fascial investment 
of the 2nd lumbrical muscle (Fig. 676). Such 
a partition also could be associated with the 
lst lumbrical muscle, but because of the 
greater mobility of the 2nd digit, the fibrous 
tissue associated with its lumbrical is lax and 
thin and forms no barrier across the palm. 
In this way 2 spaces are formed: a middle pal- 
mar and a thenar. 


Deep Palmar Spaces. These spaces exist be- 
tween the deep flexor tendons and the lumbri- 
cal muscles on the palmar side, and also be- 
tween the interosseous fascia covering the 
metacarpal bones and the interosseous mus- 
cles dorsally (Fig. 677 A). Localization of pus 
in this space and the spread of dyes when in- 
jected under pressure indicates that it is di- 
vided into 2 compartments. The work of Ka- 
navel and Spaulding has shown that the 
lumbrical fascia of the second lumbrical passes 
to the lateral side of the muscle, thereby pro- 
ducing one complete anterposterior septum 
which passes from the palmar aponeurosis to 
the 3rd metacarpal bone (Fig. 676). This sep- 
tum divides the deep palmar space into two: 
a thenar space laterally and a midpalmar 
space medially. 
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Fig. 676. Fascia of the lumbrical muscles. The fascia of the 2nd lumbrical forms the fibrous septum 
which separates the thenar from the midpalmar space. 


The thenar space lies under the outer half 
of the hollow of the palm; it has a roof, a floor 
and lateral and medial walls. The roof is made 
up of the flexor tendons, the lumbricals of the 
2nd digit, and the thenar muscles. The floor 
is formed by the 2 heads of the adductor polli- 
cis, particularly its transverse head (Fig. 677 
B). The medial wall is made up of the fibrous 





Fig. 677. The 2 palmar spaces. (A) The thenar 
space is laterally placed, and the midpalmar space 
is medial. (B) The posterior boundaries of the 2 
spaces. 


septum (fascia of the 2nd lumbrical muscle), 
and the lateral wall is formed by the flexor 
pollicis longus tendon and its synovial sheath. 
This space may be mapped out on the hand 
proximally from the distal border of the ante- 
rior annular ligament to the transverse palmar 
crease distally. The Ist lumbrical sheath ex- 
tends as a distal diverticulum of the space (Fig. 
692). 

The midpalmar space lies in the inner half 
of the hollow of the hand; it has a roof, a floor 
and lateral and medial walls. The roof is made 
up of the flexor tendons and the lumbricals 
of the medial 3 digits. The floor consists of 
the dense fascia covering the medial 2% meta- 
carpal bones and their corresponding interos- 
seous muscles. The lateral wall is made up 
of the fibrous septum described above and 
separates it from the thenar space. The medial 
wall is made up of the hypothenar muscles, 
which are separated from the midpalmar 
space by the attachment of the palmar apo- 
neurosis, which passes to the 5th metacarpal 
bone. Distally, the space extends almost to the 
level of the distal palmar crease; proximally, 
it reaches the level of the distal margin of 
the transverse carpal ligament (Fig. 693). 

The midpalmar space is connected poten- 
tially with the so-called Parona’s retroflexor 
space (Figs. 672 and 678). It has been referred 
to as the forearm space and has the following 
boundaries: anteriorly, the flexor digitorum 
profundus (ulnar bursa) and the flexor pollicis 
longus in its synovial sheath (radial bursa); pos- 
teriorly, the pronator quadratus and the inter- 
osseous membrane; proximally, it is continu- 
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Fig. 678. The retroflexor space of Parona. 


ous with the intermuscular spaces of the 
forearm; distally, it reaches the level of the 
wrist; and laterally, the space extends to the 
outer and the inner borders of the forearm. 
It is along these lateral borders that the space 
is drained by incisions. 


The Deep Volar Arch. Two arteries take part 
in the formation of the deep volar arch: the 
radial and the deep branch of the ulnar (Fig. 
668). 

The radial artery plays the chief part in 
its formation. On leaving the forearm, the ra- 
dial artery winds around the radial side of the 
wrist and crosses the dorsal surface of the na- 
vicular and the trapezium (greater multangu- 
lar). It then passes through the anatomic snuff- 
box (abductor pollicis longus, extensor pollicis 
brevis and extensor pollicis longus) to gain en- 
trance to the proximal end of the first interos- 
seous space. It continues medially and, in the 
palm, appears between the oblique and the 
transverse heads of the adductor pollicis. It 
turns medially and joins the deep branch of 
the ulnar artery at the base of the 5th meta- 
carpal bone. 

The arch thus formed passes across the 
metacarpal bones immediately distal to their 
bases. The deep arch is about a fingerbreadth 
nearer the wrist than is the superficial; its con- 
vexity is directed toward the fingers. The deep 
branch of the ulnar nerve lies in its concavity. 
This arch lies deep to the flexor tendons and 
upon the volar interosseous muscles. 

Three arteries usually arise from the radial: 
the superficial palmar, which supplies the the- 


nar eminence; the princeps pollicis to the 
thumb; and the radial indicis, which passes 
along the lateral aspect of the index finger. 
The deep arch usually supplies the 3 palmar 
metacarpal arteries, which pass between the 
fingers and unite with the digital branches of 
the superficial arch. 

The ulnar nerve enters the palm between 
the volar carpal and the transverse carpal liga- 
ments (Fig. 668). It divides into superficial and 
deep branches in the region of the hamate 
bone. The superficial branch supplies sensory 
fibers to the little finger and the ulnar side 
of the ring finger. The deep branch is motor; 
it supplies all the muscles of the palm of the 
hand, with the exception of the 5 supplied 
by the median nerve (p. 763). Therefore, the 
deep branch of the ulnar nerve supplies the 
3 hypothenar muscles, the 7 interosseous mus- 
cles, the medial 2 lumbricals (3 and 4) and 
the adductor pollicis. This branch passes to 
the medial side of the hook of the hamate 
bone and dips into the palm through the cleft 
between the abductor and the flexor of the 
little finger. It runs transversely across the 
palm and is accompanied by the deep volar 
arch. As it crosses, it lies behind the flexor 
tendons and on the interossei and it termi- 
nates in the adductor pollicis. Since it supplies 
most of the muscles of the hand which are 
responsible for the fine movements of the 
hand, it has been called the “musician’s 
nerve.” 


Adductor Pollicis Muscle. The triangular ad- 
ductor pollicis muscle lies in the depth of the 
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Fig. 679. The adductor pollicis muscle. The radial artery divides its origin into 2 heads: a transverse 


and an oblique. 


palm and arises from the palmar border of 
the 3rd metacarpal and its corresponding car- 
pal bone, the capitate (Fig. 679). The radial 
artery divides the origin of the muscle into 
2 heads: a transverse (distal) and an oblique 
(proximal) head. It inserts into the base of the 
lst phalanx of the thumb. Although the mus- 
cle lies deep in the palm, its distal edge is 
subcutaneous and can be exposed by remov- 
ing the skin and the fascia of the Ist interdigi- 
tal web. It forms the floor of the thenar space. 
Its contraction draws the thumb across the 
palm and thus keeps the thumb and the palm 
approximated to each other. This action 
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should not be confused with the action of the 
opponens, which approximates the tip of the 
thumb to the tip of the 5th finger. 

The interosseous muscles are 7 in number: 
4 dorsal and 3 palmar. They are supplied by 
the deep branch of the ulnar nerve (Fig. 680). 
The 4 dorsal interossei arise by double heads 
from the adjacent sides of the 5 metacarpals. 
On the palmar surface, the adductor pollicis 
arises from the 3rd metacarpal and inserts into 
the thumb. This leaves only the 2nd, the 4th 
and the 5th metacarpals free, and so it is that 
these give rise to the single heads of the 3 
palmar interossei. 
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Fig. 680. The interossei: (A) the 3 palmar interossei; (B) the 4 dorsal interossei. 
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The interossei insert into the bases of the 
proximal phlangeal and the extensor expan- 
sions. Since their tendons pass backward and 
across the metacarpal joints to reach their in- 
sertions, they aid in flexing these joints. They 
are inserted by means of the extensor expan- 
sions into the bases of the terminal phalanges 
and aid in extending the interphalangeal 
joints. However, their main action is abduc- 
tion and adduction. The dorsal interossei are 
abductors, and the palmar interossei are ad- 
ductors. 

An injury to their nerve supply, the deep 
branch of the ulnar nerve, produces a charac- 
teristic deformity of the hand. When the inter- 
ossei are paralyzed, they no longer can act 
as flexors of the metacarpophalangeal joints. 
Then the extensors are unopposed and bend 
the fingers backward at these joints; neither 
can the interossei act as extensors of the inter- 
phalangeal joints. Therefore, the flexors bend 
the fingers forward at these interphalangeal 
joints. The result is a typical main en griffe 
or “claw hand.” 

The interossei pass dorsal to the deep tran- 
sverse metacarpal ligament; this ligament sep- 
arates them from the lumbricals. The dorsal 
metacarpal ligament joins the heads of the 
metacarpal bones of the fingers together pos- 
teriorly. With the deep transverse ligament 
it forms 3 osseofibrous tunnels between the 
4 fingers in which the palmar and the dorsal 
interosseus muscles lie. 


Metacarpal Bones. The 5 metacarpal bones 
form the skeleton of the palm, articulate with 
the distal row of the carpus and diverge 
slightly as they extend distally to articulate 
with the phalanges; each has a base, a shaft 
and a head. 

The proximal ends (bases) are somewhat ex- 
panded and present articular surfaces; proxi- 
mally, these articulate with the carpal bone, 
and at the sides there are one or more articu- 
lar surfaces for articulation with each other 
(Fig. 681). There are distinguishing features 
on the bases: the 2nd base is notched for the 
trapezoid, the medial margin of the notch ar- 
ticulates with the capitate, and the lateral 
boundary articulates with the trapezium. The 
base of the 3rd metacarpal articulates with 
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the capitate; it has a short styloid process ex- 
tending upward from its dorsolateral part. The 
4th base is cuboidal and articulates with the 
hamate and slightly with the capitate bones. 
The 5th has a tubercle on its medial side and 
a metacarpal facet on its lateral side. 

The shafts of the bones are 3-sided, each 
presenting a flat surface toward the dorsum 
and a smooth ridge toward the palm of the 
hand. Each shaft is curved longitudinally, with 
a palmar concavity and is prismatic on tran- 
sverse section, revealing dorsal, lateral and 
medial surfaces. The anterior border of the 
3rd metacarpal body is almost monopolized 
by the transverse head of the adductor pollicis. 
The 2nd, the 4th and the 5th bodies present 
the attachments of the 3 palmar interossei. 
The anteromedial and the anterolateral sur- 
faces of the 5 digits give origin to the 2 heads 
of the 4 dorsal interossei. 

The heads of the medial 4 metacarpal 
bones are convex and smooth distally, and they 
articulate with the phalanges and the palmar 
ligaments which are attached to the shafts 
immediately above the heads. At these 
metacarpophalangeal joints the prominences 
of the knuckles are formed by the distal as- 
pects of the heads of the metacarpal bones. 

The first metacarpal bone (thumb) is usu- 
ally discussed alone because it is the shortest 
and most movable of all. Its dorsal surface is 
the same breadth throughout and shows no 
sign of the flattened triangular areas which 
differentiate the dorsal aspect of the shaft of 
the other metacarpal bones. The base of this 
bone is saddle-shaped and articulates with the 
trapezium. 


Thenar and Hypothenar Eminences. The 3 
thenar (thumb) muscles are the abductor pol- 
licis brevis and the flexor pollicis brevis, which 
are superficial, and the opponens pollicis, 
which lies deeper. They all are supplied by 
the recurrent branch of the median nerve 
(Fig. 682). These muscles lie to the radial side 
of the flexor pollicis longus tendon and make 
up the thenar eminence. They are supplied 
by the recurrent branch of the median nerve, 
which turns back after appearing from under 
the distal margin of the transverse carpal liga- 
ment. Since the deep fascia is very thin over 
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Fig. 681. The metacarpal bones. The origins of the muscles are shown in red; the insertions, in blue. 
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Fig. 682. The 3 thenar (thumb) muscles. These are 
the abductor pollicis brevis, the flexor pollicis brevis 
and the opponens pollicis. The last lies in a deeper 
plane than the other 2. The recurrent branch of 
the median nerve supplies this entire group. 


this area, this important nerve is almost subcu- 
taneous and is unprotected. A guide to it is 
the superficial palmar branch of the radial ar- 
tery, which lies medial to it. The 3 thumb 
muscles arise together from the transverse 
carpal ligament and the lateral carpal bones 
(navicular and greater multangular). 

The abductor pollicis brevis muscle forms 
the upper or lateral part of the ball of the 
thumb. It is inserted into the lateral side of 
the base of the proximal phalanx of the thumb. 
Its action pulls the thumb directly forward 
so that it comes to lie at right angles to the 
plane of the palm. 

The flexor pollicis brevis muscle is medial 
to the abductor and inserts with it. Its action 
produces flexion at the metacarpophalangeal 
joint of the thumb. 

The opponens pollicis muscle is visible only 
after the other two have been divided. Its fi- 
bers spread out and insert into the lateral half 
of the palmar surface of the first metacarpal 
bone. At times it is separable into superficial 
and deep laminae. Its action brings the meta- 
carpal bone of the thumb across the palm of 
the hand, and also rotates it medially so that 
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the pad of the tip of the thumb faces and 
comes into contact with the pads of the tips 
of the other fingers. This action should not 
be confused with adduction (p. 769). 

The nerve to these muscles is seen after 
the superficial muscles are reflected. It is a 
short branch which, having given off superfi- 
cial twigs to the flexor brevis and the abductor, 
passes between these two to enter the oppo- 
nens. 

The three muscles are segregated from the 
central space of the palm by a fascial sheet 
which passes dorsally (under the muscles) 
from the radial edge of the palmar aponeuro- 
sis and attaches to the first metacarpal bone. 
Therefore, pus formed among these muscles 
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Fig. 683. The 3 hypothenar muscles. These are the 
abductor, the flexor and the opponens digiti quinti. 
They are supplied by the deep branch of the ulnar 
nerves. 
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shows no tendency to spread to the palm. Inci- 
sions into this space should be placed laterally 
to avoid the median nerve. 

The 3 muscles of the hypothenar eminence 
correspond to those of the thenar group and 
are the abductor digiti quinti, the flexor digiti 
quinti and the opponens digiti quinti (Fig. 
680). They are supplied by the deep branch 
of the ulnar nerve. These 3 muscles originate 
from the transverse carpal ligament and from 
the medial 2 carpal bones (pisiform and ha- 
mate). 

The abductor digiti quinti muscle inserts 
into the medial side of the base of the proximal 
phalanx of the little finger. By its action it 
abducts the little finger from the axial line 
of the middle finger. 

The flexor digiti quinti muscle is inserted 
with the abductor. It is partly fused with the 
abductor and sometimes it is partly incorpo- 
rated in the opponens. By its action it flexes 
the metacarpophalangeal joint of the little fin- 
ger. 

The opponens digiti quinti muscle lies on 
a deeper plane and is inserted into the whole 
length of the medial part of the front of the 
5th metacarpal bone. The deep branch of the 
ulnar nerve enters from the lateral side of the 
hypothenar eminence; hence, incisions into 
this space are made along the medial side. 
The space is separated from the central space 
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of the palm by a septum similar to that de- 
scribed under the thenar eminence. This sep- 
tum attaches to the 5th metacarpal bone. 


Dorsal Region of the Hand 


The surface anatomy of this region reveals the 
extensor tendons as being both visible and pal- 
pable over the dorsum of the hand. The meta- 
carpal bones can be felt easily. In contrast with 
the palmar surface of the hand, the dorsal sur- 
face is covered with skin of finer texture which 
has numerous sebaceous glands and short 
hairs. The cutaneous nerve supply is derived 
from the dorsal rami of the ulnar, the radial 
and the dorsal antibrachial cutaneous nerves 
(Fig. 684). 

The dorsal subcutaneous space is a rather 
extensive area of loose areolar tissue within 
definite boundaries (Fig. 685). If infected, pus 
can spread quite readily over the entire dor- 
sum of the hand. 

The dorsal subaponeurotic space (Fig. 685) 
should not be confused with the dorsal subcu- 
taneous space. Over the dorsum of the hand 
the extensor tendons are united by oblique 
bands, thus forming an aponeurotic sheet; this 
is attached on each side to the 2nd and the 
5th metacarpal bones. The dorsal subaponeu- 
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Fig. 684. The cutaneous nerve supply of the dorsum of the hand. 
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Fig. 685. The dorsal subcutaneous and the subapo- 
neurotic spaces 


rotic space lies between this sheet and the 
interosseous muscles; it is filled with loose con- 
nective tissue. Pus in this space is limited dis- 
tally at the metacarpophalangeal joints and 
proximally at the bases of the metacarpal 
bones. 

The extensor digitorum communis is en- 
closed with the extensor indicis in a synovial 
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sheath which is in a compartment of the ex- 
tensor retinaculum. It divides into tendons 
which diverge to the fingers (Fig. 686). On 
the dorsal surface of the proximal phalanx 
each tendon expands to form the dorsal exten- 
sor expansion, which is inserted into the bases 
of the middle and the distal phalanges (Fig. 
687). It is supplied by the posterior interosse- 
ous nerve and, as its name suggests, it extends 
the phalanges and the hand. 

The extensor carpi radialis longus tendon 
is crossed by the extensors of the thumb; it 
is enclosed in a synovial sheath, with the ex- 
tensor carpi radialis brevis, under the extensor 
retinaculum. 

The extensor digiti minimi tendon is en- 
sheathed in the compartment of the extensor 
retinaculum that lies between the radius and 
the ulna. It is inserted with the tendon from 
the extensor digitorum to the little finger. 

The extensor carpi ulnaris tendon also is 





Abd. pollicis longus 
Eee pollicis tin 


RA Ext Tanp radialis 
4 longus . brevis 


Wa Ext. pollicis longus 





Fig. 686. The tendons of the dorsum of the wrist and the hand. 
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Fig. 687. Diagrammatic presentation of the anat- 
omy of a finger: (A) cross sectional study; (B) the 
superficial and the deep flexor tendons. 


enclosed in a synovial sheath and is inserted 
into the base of the 5th metacarpal bone. 


Phalanges (Fingers) 


The hand has a thumb and 4 fingers. Some 
authorities prefer to refer to the thumb as the 
first of 5 digits, but this is a matter of con- 
venience rather than one of argument. The 
construction of all 5 fingers is essentially the 
same, except that the thumb has 2 phalanges 
and the other fingers have 3. The thumb also 
has a short thick metacarpal associated with 
it which adds to its strength and mobility. 


Skin. The skin of the flexor surface of the dig- 
its is thick, contains some subcutaneous fat, 
is only slightly mobile and is devoid of hair 
follicles. That over the dorsum is thinner, 
more mobile and has very little subcutaneous 
fat. The transverse flexor creases do not indi- 
cate the exact positions of the underlying 
joints. The proximal digital crease is distal to 
the metacarpophalangeal joint. The middle 
crease is a good guide to the joint, since it 
lies directly opposite it; the distal crease is 
somewhat proximal to the distal interphalan- 
geal joint. Therefore, the only digital trans- 
verse crease that can be used as an exact land- 
mark of the joint is the middle one. These 
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creases are bound closely to the underlying 
flexor tendon sheaths by fibrous tissue strands. 
The amount of fat is minimal or even entirely 
absent beneath them; hence, a penetrating 
wound at the crease is likely to penetrate the 
underlying synovial sheath. 

The subcutaneous tissue over the flexor sur- 
face is made up of fibrous tissue enclosing 
small amounts of fat. These septa connect the 
skin to the fibrous layers of the tendon sheath 
below and to the periosteum in the terminal 
phalanges. The last-named relationship is im- 
portant in the treatment of a felon (p. 782). 
The digital vessels and nerves run in this sub- 
cutaneous tissue layer. 


Distal Closed Space. The important distal 
closed space can be understood if the arrange- 
ment of the subcutaneous tissue is visualized 
properly (Fig. 688). In the distal phalanx the 
subcutaneous tissue is arranged in such. a way 
that it consists of a number of strong fibrous 
septa which radiate from the periosteum to 
the skin. In the compartments thus formed 
between these septa, fatty tissue is found. 
Therefore, the distal four fifths of the phalanx 
is converted into a closed space and, together 
with the diaphysis, receives its blood supply 
from the 2 palmar digital arteries which are 
found anterolateral to the bone. If a transverse 
section of the distal closed space is studied, 
it will be seen that dense connective tissue 
separates the subungual space or nail bed 
from the anterior closed space. The epiphysis 
receives its blood supply from the digital arter- 
ies before those vessels enter the closed space 
(Fig. 689 B). If inflammatory exudates and 
edema occur within this space, the tension 
rises, shuts off the blood supply, and a necrosis 
of the diaphysis occurs. Even after the age 
of 20 and after union of the epiphysis and 
the diaphysis, necrosis usually is limited to the 
diaphyseal region alone, and new bone may 
grow from the epiphyseal end. 

The phalanges are the bones of the fingers. 
There are 14 in all, 3 (proximal, middle and 
distal) for each finger and 2 for the thumb. 
They are built on the same general plan as 
the metacarpals but are shorter, the distal pha- 
lanx being the shortest of all and having a 
rough distal end which underlies the tips of 
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Fig. 688. The terminal phalanx and the distal closed space: (A) cross section; (B) longitudinal section. 
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Fig. 689. Suppurating callosity and web space infections: (A) path of extension of a suppurating callosity 
to a web (lumbrical) space; (B) incision into the abscess. 
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the fingers. The distal ends of the terminal 
phalanges neither bear weight nor transmit 
force. The surface under the fingernail is 
smooth; the surface under the finger pad is 
rough, owing to the attachment of the fibrous 
bands which bind the skin to it. The dorsal 
aspect of the proximal and the middle pha- 
langes is smooth, rounded and covered by the 
extensor expansions. The palmar surfaces take 
part in the floor of the osseofibrous tunnel in 
which the flexor tendons run. The borders of 
the middle phalanx are more prominent be- 
cause they receive the attachment of the slips 
for the insertion of the flexor digitorum sub- 
limis tendon. The bases of the proximal pha- 
langes articulate with the rounded knuckles 
and, therefore, are concave. 

The common volar digital arteries arise 
from the convexity of the superficial volar 
arch and give off digital branches which sup- 
ply contiguous sides of the thumb and the fin- 
gers as well as the distal part of their dorsal 
surfaces (Fig. 665). The proximal part of the 
dorsum of the fingers receives its arterial sup- 
ply via the dorsal digital arteries, which arise 
from the dorsal metacarpal arteries from the 
dorsal carpal arch. On the fingers, the digital 
arteries and nerves run side by side in contact 
with the fibrous flexor sheath, not with the 
phalanges. Each of these vessels gives off a 
branch to the epiphysis of the terminal pha- 
lanx before entering the anterior closed space. 
The branches ramify across the anterior as- 
pect of the phalanx, sending nutrient vessels 
to the bone. 

The digital nerve lies anterior or anter- 
omedial to its fellow artery. The distribution 
of these nerves has been discussed elsewhere. 


Surgical Considerations 


Web Space Infections and 
Suppurating Callosity 


Web space infections may start as a suppurat- 
ing callosity which spreads down toward the 
commissural or web space (Fig. 689). The pus 
tends to spread backward or laterally. It can 
spread from one web to another and thus may 
involve 3 web spaces without going deeply. 
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Since there are deficiencies in the palmar apo- 
neurosis between its digital prolongations, the 
infection can burrow backward so that a “col- 
lar button” abscess is formed. Adequate drain- 
age can be instituted by making an incision 
through the web between the fingers and con- 
tinuing into the palmar aspect of the hand. 


Tenosynovitis 


Tenosynovitis, or infection, in the tendon 
sheath of the little finger and the thumb is 
discussed under ulnar and radial bursae infec- 
tions. Tenosynovitis of the middle, the ring 
and the index fingers has a tendency to remain 
localized, since the sheath ends in the region 
of the heads of the metacarpal bones. The inci- 
sion which drains a digital tenosynovitis 
should be made at the side of the sheath and 
at the site of the known infection. The incision 
is carried along the shaft of the proximal and 
the middle phalanges but usually leaves that 
part which is over the joint untouched to pre- 
vent herniation of the tendon. 


Infection of the Ulnar Bursa 


Infection of the ulnar bursa usually results 
from an extension of an infection in the flexor 
tendon sheath of the little finger (Fig. 690). 
Perforating wounds, an infected midpalmar 
space and infections of the tendon sheath of 
the middle or the ring fingers may also spread 
to this bursa. In the last case, the pus breaks 
through the proximal end of the synovial 
sheath, passes along the lumbrical muscle into 
the midpalmar space and from there se- 
condarily involves the ulnar bursa. An infec- 
tion of the ulnar bursa may spread to the un- 
derlying bone or joint, to the lumbrical canal, 
to the middle palmar space, to the radial bursa 
or into the wrist. 

Since this condition usually results from ex- 
tension of a tenosynovitis of the little finger, 
the treatment of the latter should be carried 
out first as described on p. 778. The incision 
is placed either on the lateral or the medial 
side of the finger and is carried down into 
the palm and into the hypothenar eminence 
(Fig. 690 B). The tendon sheath may be absent 
between the little finger tendon sheath and 
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Fig. 690. Infection of the ulnar bursa. (A) This 
bursa is usually infected as a result of extension 
from an infected tendon sheath of the 5th finger. 
The arrows indicate the possible paths of extension 


the ulnar bursa. This should be kept in mind 
in order to avoid contaminating a healthy 
bursa. The combined palmar and digital inci- 
sion makes it possible to drain both the tendon 
sheath of the 5th finger and the ulnar bursa 
at the same time. It extends to the flexor reti- 
naculum. If the infection has extended into 
the forearm, an incision is placed along the 
ulna. Accessory incisions on the radial side 
may be necessary sometimes for through-and- 
through drainage of Parona’s retroflexor 
space. 


Infections of the Radial Bursa 


Infections of the radial bursa usually arise 
from an infected tendon sheath of the flexor 
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from the infected ulnar bursa to surrounding struc- 
tures. (B) Combined digital and palmar incision. 
Accessory incisions are shown to drain Parona’s ret- 
roflexor space. 


pollicis longus, an infected ulnar bursa or an 
infected thenar space (Fig. 691). The infection 
may spread from the flexor pollicis longus to 
the interphalangeal joint, the bone, the ulnar 
bursa, the thenar space or under the anterior 
annular ligament and into the wrist. The inci- 
sion for an infected radial bursa and flexor 
pollicis longus tendon starts as an anterome- 
dial incision at the distal volar skin crease and 
extends through the thenar eminence down 
to within 1% inches of the anterior annular 
ligament, but no farther (Fig. 691 B). This 
precaution is taken because the motor branch 
of the median nerve to the thenar muscles 
is in this region (the dime area) (p. 771). The 
bursa itself should be drained in the forearm 
via the approach described under ulnar bursi- 
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Fig. 691. Infection of the radial bursa. (A) This 
bursa is usually infected as a result of extension 
from an infected tendon sheath of the thumb. The 
arrows indicate the possible paths of spread from 


tis; this permits drainage of both bursae and, 
unlike the approach from the radial side, in- 
volves no risk to the radial artery. 


Infections of the Thenar Space 


Infections of the thenar space occur as a result 
of a perforating wound directly into the space 
or following a tenosynovitis of the index or 
the middle finger, abrasions of the thumb, ra- 
dial bursitis and midpalmar space abscesses 
(Fig. 692). Abscesses of this space occasionally 
have been reported following osteomyelitis of 
the lst, the 2nd or even the 3rd metacarpal 
bones. When it follows a tenosynovitis of the 
index finger, as it usually does, the cellulitis 
of the tendon sheath extends downward and 
bursts through the proximal end of the sheath; 
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the infected radial bursa to surrounding structures. 
(B) The incisions used in the treatment of an in- 
fected radial bursa and flexor pollicis longus ten- 
don. 


it then comes to lie in the loose areolar tissue 
around the lumbrical muscle which guides it 
into the thenar space. The pus lies anterior 
to the adductor muscle of the thumb, and bal- 
looning of the web between the thumb and 
the index finger becomes visible. The treat- 
ment is immediate incision and drainage, the 
incision being placed along the anterior bor- 
der of the lateral side of the 2nd metacarpal 
bone or along the web between the thumb 
and the index finger (Fig. 692 B). A hemostat 
is placed into the space between the flexor 
tendons and the adductor pollicis. Pus may 
accumulate behind the adductor muscle, and 
an incision placed as described above can 
drain both anterior and posterior adductor 
partitions of the thenar space. The hemostat 
which is placed into the thenar space should 
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Fig. 692. The infected thenar space. (A) The arrows indicate the possible paths of extension into the 
thenar space. (B) Drainage of the infected thenar space. 


not be thrust past the middle metacarpal bone 
because the fascial septum may be perforated 
and the midpalmar space contaminated. 


Infections in the Midpalmar Space 


Infections in the midpalmar space occur from 
a tenosynovitis involving one or any of the 3 
medial digits, from an infected ulnar bursa 
or from osteomyelitis of the underlying meta- 
carpals. The condition also may be caused by 


extension from an infected thenar space, di- 
rect penetrating wounds or from infections 
of one of the medial 3 web spaces traveling 
along a lumbrical muscle (Fig. 693). When the 
midpalmar space is involved, the concavity 
of the palm is lost. Since direct attack on the 
space would endanger too many structures, 
effective drainage can be obtained via a lum- 
brical space by opening a web between the 
ring and the middle finger or the ring and 
the little finger (Fig. 693 B). In this way a 
hemostat can be placed beneath the flexor 
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Fig. 693. The infected midpalmar space. (A) The arrows indicate the possible paths of extension into 
the midpalmar space. (B) Drainage of the infected midpalmar space. 


tendons and into the midpalmar space. It 
should not be thrust past the middle metacar- 
pal bone, since this in turn may involve the 
thenar space. 


Felon (Whitlow) 


Felon (whitlow) is an infection of the anterior 
closed space of the finger; it is extremely pain- 


ful, common and dangerous. The connective 
tissue arrangement (Fig. 694) accounts for the 
fact that if pus develops here, it has no means 
of escape and produces marked pressure. This 
shuts off the blood supply and causes early 
necrosis. Since the epiphysis (base of the bone) 
receives its blood supply from vessels that do 
not pass through this space, it does not become 
necrotic, as does the rest of the bone, and new 
bone can grow from it, especially in the young. 
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Fig. 694. (A) Closed space arrangement of the dis- 
tal phalanx. (B) The time honored “hockey stick” 
incision or “fishmouth” type of incision has given 
place to a longitudinal incision centered over the 
point of the abscess on the finger pad to avoid the 
neurovascular bundles which run laterally and to 
prevent disabling scars. 


Paronychia 


Paronychia is an acute infection involving the 
subepithelial tissue at the side of the nail. If 
incised and drained early, no ill effects result, 
but, if neglected, the infection may spread 
along the side and the base of the nail, forming 
a so-called “run around.” The pus may lodge 
beneath the overlying epithelium (epony- 
chium) and then travel under the nail itself, 
forming a subungual abscess. In the treatment 
of paronychia, a lateral incision should be 
made over the point of maximum tenderness; 
bilateral incisions should be used if the infec- 
tion has run around the nail (Fig. 695). Some 
surgeons prefer to place the tip of a scalpel 
blade flat on the nail at the site of maximum 
tenderness and gently enter at the junction 
of the nail plate with the paronychia. If a 
subungual abscess results, an eponychial flap 
is raised, and the nail bed is removed, for the 
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Fig. 695. Treatment of uncomplicated and compli- 
cated paronychia. 


nail acts as a foreign body in the subungual 
abscess cavity. The distal portion of the nail 
is not removed, as it protects the underlying 
sensitive tissue. 


Fractures of the Metacarpal Bones 


The metacarpal bones frequently are frac- 
tured when the fist is clenched and a blow 
is struck. McNealy and Lichtenstein have em- 
phasized the important points regarding the 
mechanism and the treatment of hand frac- 
tures. 

In metacarpal bone fractures exclusive of 
the thumb, a typical deformity results, which 
is characterized by shortening of the bone due 
to bowing of the fragments. This results in a 
dorsal projection at the fracture site and volar 
displacement of the metacarpal head because 
of the action of the interosseus muscle which 
flexes the proximal phalanx. The distal frag- 
ment of the metacarpal bone is attached to 
the proximal phalanx through the metacarpo- 
phalangeal joint and is drawn into a flexed 
position. An inverted-V deformity is typical 
for fractures of the metacarpal bones and re- 
quires immobilization on a straight dorsal 
splint. This removes the deformity and re- 
stores the normal horizontal contour to the 
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dorsum of the hand. The 3rd and the 4th 
metacarpal bones are splinted laterally by 
their adjacent metacarpals, but the 2nd and 
the 5th, lacking such support, require lateral 
splinting in addition to the dorsal. 

The usual deformity in fractures of the first 
metacarpal (thumb) is adduction of the distal 
fragment and abduction of the proximal. The 
treatment for such fractures is abduction, 
which overcomes the contraction of the ab- 
ductor muscles and maintains the web of the 
thumb. 

In a Bennett’s fracture (fracture of the base 
of the first metacarpal), abduction may fail to 
restore the alignment of the bones and, in ad- 
dition to abduction, traction may be neces- 
sary. 


Dislocation of the 
Metacarpophalangeal Joints 


Dislocation of the metacarpophalangeal joints 
occurs frequently because of their ball-and- 
socket arrangement. 


Dislocation of the Thumb. This occurs usu- 
ally after a fall which produces forceful dorsi- 
flexion on the hyperextended hand. This re- 
sults in a tear in the glenoid (volar accessory) 
ligament and permits the phalanx to pass 
backward. The resultant deformity is typical, 





Superior Extremity: Hand 


as the proximal phalanx comes to rest on the 
dorsal aspect of the thumb metacarpal. The 
head of the metacarpal is caught between the 
tendons of the flexor pollicis brevis and the 
flexor pollicis longus. Because of this, reduc- 
tion cannot be accomplished with traction 
alone, but the joint must be hyperextended 
almost to a right angle, followed by pressure 
at the proximal end of the phalanx to force 
it over the head of the metacarpal. Should 
this fail, it becomes necessary to make an inci- 
sion and enlarge the opening in the capsule 
so that reduction may be accomplished. 


Dislocations of the Middle and the Distal Pha- 
langes. These dislocations occur quite fre- 
quently and usually are produced by a blow 
struck at the tip of the finger. They may be 
accompanied by a fracture and, since the ex- 
tensor tendon usually is ruptured at its inser- 
tion into the base of the terminal phalanx, a 
“dropped finger” or “loose ball finger” results. 
The extensor tendon does not retract because 
of its attachment along its lateral expansion. 


Fractures of the Phalanges 


Distal Phalanx. In fractures of the distal pha- 
lanx, the distal part of the bone is not subject 
to pull of either intrinsic or extrinsic muscles; 
therefore, displacement is minimal, even if 


Fig. 696. Fractures of the proximal and the middle phalanges. 


Surgical Considerations 


crushing is marked. The fingernail may be 
used as a suitable splint, and the fragments 
can be molded into place. Fractures involving 
the proximal portion of the terminal phalanx 
are affected by the pull of the flexor digitorum 
profundus and the extensor digitorum com- 
munis. This is the same injury described under 
“dropped finger.” Hyperextension usually 
aligns the fragments and can be maintained 
by some such splint as described by Lewin. 


Middle Phalanx. The deformity and the 
treatment of fractures of the middle phalanx 
depend on whether the fracture is proximal 
or distal to the insertion of the flexor digi- 
torum sublimis. If it is distal, then flexion of 
the proximal fragment and dorsal displace- 
ment of the distal fragment result (Fig. 696 
C). When the fracture is proximal to the ten- 
don insertion, flexion of the distal fragment, 
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with the proximal fragment in an extended 
position, results (Fig. 696 B). Therefore, a frac- 
ture distal to the tendon insertion produces a 
V-shaped deformity, but a fracture proximal 
to the tendon insertion produces an inverted 
V-shaped deformity. A straight splint will cor- 
rect the deformity in a fracture proximal to 
the tendon insertion, and a curved volar splint 
will correct the deformity found in a fracture 
distal to the tendon insertion. 


Proximal Phalanx. In fractures of the proxi- 
mal phalanx, flexion of the proximal fragment 
is produced by the pull of the interosseous 
and the lumbrical muscles, and dorsal dis- 
placement is brought about by the action of 
the lumbrical muscles (Fig. 696 A). This results 
in a V-shaped deformity which can be cor- 
rected by acurved splint, which approximates 
the broken ends of the bone. 


SECTION 9 INFERIOR EXTREMITY 


Chapter 43 


Hip 


The pelvifemoral region is that area in which 
the lower extremity is firmly bound to the 
pelvis by powerful muscles and ligaments. For 
study it can be divided conveniently in the 
gluteal (hip) region and the hip joint. 


Gluteal Region 


Boundaries and Superficial Structures 


The gluteal region is roughly quadrilateral in 
shape and is bounded above by the iliac crest, 
below by the gluteus maximus, medially by 
the lateral margin of the sacrum and the coc- 
cyx and laterally by the tensor fasciae latae 
muscle (Fig. 697). 


Iliac Crest and Spine. The iliac crest is pal- 
pable because of its subcutaneous position. 
If the anterosuperior iliac spine is located 
and the fingers then run backward over the 
iliac crest they reach a definitely palpable pos- 
terosuperior iliac spine at which point the 
iliac crest ends. Below this, the posterior bor- 
der of the innominate bone is continued ver- 
tically for about 1 inch to the posteroinferior 
iliac spine at which point it turns abruptly 
forward to form the great sciatic notch (Fig. 
475). This notch continues to the ischial spine, 
where a shallow indentation is formed known 
as the small (lesser) sciatic notch. There- 
fore, the ischial spine separates the greater 
and the lesser sciatic notches. Below the 
latter the bone ends in a stout projection 
known as the ischial tuberosity. The sacrospi- 


786 


nous and the sacrotuberous ligaments convert 
the greater and the lesser sciatic notches into 
foramina. 

The buttock (natis) forms a smooth rounded 
elevation which is separated from its fellow 
by a deep fissure called the natal cleft. It is 
limited inferiorly by another groove called the 
fold of the buttock. The bulging of the buttock 
is caused by a thick layer of fat and the lower 
part of the large gluteus maximus muscle. 

The superficial fascia has the same general 
characters as it has in other parts of the body 
but is peculiar in this region in that it is loaded 
with fat, and the numerous small cutaneous 
nerves may be difficult to locate. This fat is 
particularly present in the female. The fascia 
thickens over the upper and the lower mar- 
gins of the gluteus maximus and is tough and 
stringy over the ischial tuberosity where it 
forms a most efficient cushion upon which the 
body weight presses while in a sitting posture. 

The cutaneous nerves are numerous and dif- 
ficult to find, but the small arteries which ac- 
company them may act as guides (Fig. 697). 
These nerves are derived partly from the pos- 
terior primary rami and partly from the ante- 
rior primary rami of the spinal nerves. Three 
twigs arise from the first 3 lumbar nerves, and 
3 from the first 3 sacral nerves. From the ante- 
rior primary rami of the spinal nerves are de- 
rived the lateral cutaneous branch of the 


-iliohypogastric, the lateral cutaneous branch 


of the last thoracic, twigs from the posterior 
branch of the lateral cutaneous nerve of the 
thigh which terminates over the greater tro- 
chanter, branches from the posterior cutane- 
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Fig. 697. The gluteal region and its cutaneous nerve supply. 


ous nerve of the thigh and, finally, twigs from 
the perforating cutaneous branch of the 
fourth sacral. 

The superficial lymph vessels of the gluteal 
region join the lateral lymph glands of the 
superficial inguinal group. 


Deep Fascia 


The deep fascia is strongly attached to the 
iliac crest. Where it overlies the gluteus me- 
dius muscle it appears as a dense, opaque 
pearly white sheet. However, when it reaches 
the upper border of the gluteus maximus, it 
splits into 2 layers which enclose the muscle. 
Its appearance over the maximus is not thick 
and opaque, as over the medius, but in marked 
contrast appears thin and transparent. It sends 
septa into the muscle and thus divides it into 
coarse bundles. 


Muscles 


Gluteus Maximus Muscle. This muscle is 
rhomboidal in shape and is the most massive 
in the body; it is also the coarsest, heaviest 
and strongest muscle (Fig. 698). Being associ- 


ated with the upright posture of the biped, 
it is especially well developed in man. It arises 
from the posterior part of the gluteal surface 
of the ilium, the dorsal aspect of the sacrum 
and the coccyx, and the posterior surface of 
the sacrotuberous ligament. From this exten- 
sive origin the bundles proceed obliquely 
downward and forward toward the upper part 
of the shaft of the femur, but only a part of 





Fig. 698. The gluteus maximus muscle: (A) the ori- 
gin and the insertion of the muscle; (B) the muscle 
outlined on the pelvifemoral bony framework. 
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the muscle is inserted into the bone. Three 
quarters of it is inserted into the iliotibial tract; 
the lower deep fibers attach to the gluteal tu- 
berosity. It should be noted that the lower 
border of the muscle does not run parallel 
with the fold of the buttock but crosses it ob- 
liquely, being above its medial part and below 
its lateral part. The lower border extends from 
the tip of the coccyx and across the ischial 
tuberosity to the shaft of the femur (Fig. 698 
B). The tuberosity is covered by the muscle 
when one stands erect, but it is uncovered 
when one sits down. It was not the plan of 
the body to have fleshy muscle support 
weight; therefore, there is a thick mass of 
stringy fibrous tissue between the tuberosity 
and the skin when one is sitting. The upper 
border of the muscle may be indicated by a 
line which runs parallel with the lower border 
and extends outward from the posterosupe- 
rior iliac spine to a point 2 inches above the 
greater trochanter. This muscle is the great 
extensor of the thigh, bringing the bent thigh 
into line with the body. Therefore, it is impor- 
tant in walking, going up an incline or rising 
from the sitting posture, which it does by pull- 
ing the pelvis backward. The blood supply is 
derived from the inferior gluteal artery. Many 
important structures lie beneath the deep sur- 
face of the gluteus maximus muscle, and to 
understand them the piriformis muscle may 
be used as a guide (Fig. 699). The lower border 
of this muscle can be indicated on the skin 
by a line joining the midpoint between the 
posterosuperior iliac spine and the tip of the 
coccyx to the top of the greater trochanter. 
If an incision is made through the gluteus max- 
imus along this “piriformis line,” and if the 
incision is carried to the greater trochanter 
until its bony resistance is felt, the proper 
cleavage plane will be found. It is wise to relax 
the gluteus by extending and rotating the 
thigh laterally, so that a finger may be inserted 
through the incision and moved about. 
Three subgluteal synovial bursae are usually 
found beneath the muscle in the following 
locations: (1) between the muscle and the is- 
chial tuberosity, (2) between the muscle and 
the greater trochanter and (3) between the 
gluteus and the upper part of the vastus later- 
alis. The bursa between the maximus and the 
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ischial tuberosity may enlarge in those who 
follow sedentary occupations; such a bursa has 
been referred to as “weaver’s bottom.” This 
bursa is usually small and may be absent. How- 
ever, the bursa which exists between the mus- 
cle and the greater trochanter is normally 
quite large. 

For orientation in the region which lies sub- 
gluteally (gluteus maximus) it is important to 
utilize two units as key structures, namely, 
the piriformis muscle and the greater sciatic 
foramen, which has been called the “door to 
the gluteal region.” The piriformis muscle 
itself enters the region via this door; some ves- 
sels and nerves enter the region above the 
piriformis (suprapiriformic), while others pass 
below the muscle (infrapiriformic), but all en- 
ter through the greater sciatic foramen. Some 
structures which enter this great door may 
disappear at once through the lesser sciatic 
foramen. The obturator internus is the only 
structure which enters the gluteal region by 
way of the lesser sciatic foramen. 


Piriformis Muscle. This muscle arises within 
the pelvis by 3 digitations from the anterior 
surface of the 2nd, the 3rd and the 4th seg- 
ments of the sacrum, these fibers arising be- 
tween the anterior sacral foramina. Outside 
of the pelvis this muscle arises from the upper 
part of the greater sciatic notch and from the 
sacrotuberous ligament. The fibers pass 
through the greater sciatic foramen, continue 
laterally forward and insert into the highest 
point of the greater trochanter. The muscle 
is chiefly an extensor and lateral rotator of 
the femur. It receives its nerve supply from 
the sacral plexus (S 1). 


Nerves and Vessels of the 
Infrapiriformic and the 
Suprapiriformic Spaces 


Infrapiriformic Space. The structures which 
enter at the lower border of the piriformis 
are from lateral to medial, the sciatic nerve 
(which hides the nerve to the quadratus fem- 
oris), the nerve to the gluteus maximus (infe- 
rior gluteal nerve), the posterior cutaneous 
nerve of the thigh, the inferior gluteal artery, 
the nerve to the obturator internus, the inter- 
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Fig. 699. The structures lying deep to the gluteus 
maximus muscle. The muscle has been severed and 
reflected medially to expose its deep surface; its 


nal pudendal vessels and the internal puden- 
dal nerve (Fig. 699). 

Sciatic nerve. This nerve (L 4, 5; S 1, 2, 3) 
is the largest nerve in the body; it is broad 
and flat (Fig. 735). As it appears from under 
cover of the piriformis it runs downward to 
the thigh. At first it lies on the ischium and 
then crosses successively the gemelli and the 
obturator internus, the quadratus femoris and 
the adductor magnus. The posterior cutane- 
ous nerve of the thigh passes on the superficial 
aspect of the sciatic. The sciatic continues 
downward deep to the long head of the bi- 
ceps; in its course it passes midway between 
the ischial tuberosity and the greater trochan- 
ter. It is the most lateral structure in the infra- 
piriformic region, having a “side of danger” 
and “a side of safety.” Its lateral side is the 
“side of safety” along which dissection may 
take place without harm. However, its medial 
side is its “side of danger” from which 
branches spring to the hamstring muscles. 
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nerve and blood supplies are also shown. The struc- 
tures associated with the suprapiriformic and the 
infraperiformic spaces are shown. 


Inferior gluteal nerve. This nerve (L 5; S 
1, 2) constitutes the nerve supply to the glu- 
teus maximus muscle. Arising from the sacral 
plexus, it enters the gluteal region through 
the lower part of the greater sciatic foramen 
and enters the deep surface of the muscle. 

Posterior cutaneous nerve. This nerve to 
the thigh (S 1, 2, 3) passes deep to the gluteus 
maximus and medial to the sciatic nerve (Fig. 
699). It is purely sensory and has been referred 
to as the “small sciatic” nerve. Its gluteal 
branch turns around the lower border of the 
gluteus maximus, and its perineal branch 
passes lateral to the ischial tuberosity to supply 
the scrotum or the labium majus. The main 
nerve continues downward to the middle of 
the thigh, subfascially, and ends on the calf. 

Inferior gluteal artery. This nerve divides 
into numerous terminal branches as soon as 
it appears beneath the lower border of the 
piriformis (Fig. 699). These branches are dis- 
tributed to the neighboring musculature, and 
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a small branch accompanies the sciatic nerve; 
it anastomoses with branches which join the 
trochanteric and the crucial anastomoses. The 
crucial anastomosis establishes a connection 
between the internal iliac and the femoral ar- 
teries. The cross is formed by horizontal arms 
from the transverse branches of the circum- 
flex femoral artery, the upper limb from the 
descending branches of the inferior gluteal 
artery, and the lower limb from the ascending 
branch of the first perforating artery. 

Nerve to the obturator internus, the internal 
pudendal artery and the pudendal 
nerve. This nerve runs through only a small 
part of the gluteal region; the artery lies be- 
tween the 2 nerves. The nerves and artery 
emerge from the pelvis through the greater 
sciatic foramen, cross the spine of the ischium 
and the sacrospinous ligament and enter the 
lesser sciatic foramen to disappear from view. 
The nerve to the obturator internus is placed 
most laterally and supplies a twig to the gem- 
ellus superior. The internal pudendal artery 
with a companion vein on each side crosses 
the tip of the spine. 


Suprapiriformic Space. The structures which 
enter along the upper border of the piriformis 
muscle are the superior gluteal vessels and 
the superior gluteal nerves (Fig. 699). The su- 
perior gluteal nerve (L 4, 5; S 1) passes in the 
interval between the gluteus medius and the 
minimus. It supplies both of these muscles and 
ends in the tensor fasciae latae. Therefore, it 
supplies the 3 abductors and the medial rota- 
tors of the hip joint, namely, the gluteus me- 
dius, the gluteus minimus and the tensor fas- 
ciae latae. The superior gluteal artery is a 
branch of the posterior division of the internal 
iliac (hypogastric) artery. As soon as it passes 
above the upper border of the piriformis mus- 
cle it supplies a superficial branch which is 
distributed to the gluteus maximus. The re- 
maining deep branch breaks up into upper 
and lower branches which follow the middle 
and the inferior gluteal lines in the interval 
between the gluteus medius and the minimus. 

The glutei medius and minimus mus- 
cles. These are really two parts of a single 
muscle, since they are common in shape, di- 
rection of fiber action, nerve and blood supply 
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(Fig. 699). Therefore, it is unusual to find a 
fascial plane between them, although at times 
such an ill-defined plane may be present. 

The gluteus medius arises from the area be- 
tween the middle gluteal line and the iliac 
crest. Its fibers converge to form a flattened 
band, partly fleshy and partly tendinous, 
which inserts into the greater trochanter of 
the femur. A small bursa separates this tendon 
from the anterior part of the trochanter. 

The gluteus minimus is covered by the pre- 
ceding muscle. It arises from the gluteal sur- 
face of the ilium between the middle and the 
inferior gluteal lines, its fibers converge and 
become inserted into the anterior surface of 
the greater trochanter. It is intimately con- 
nected near its insertion with the capsule of 
the hip joint and is separated from the tro- 
chanter major by a small bursa. These muscles 
are supplied by the superior gluteal nerve and 
arteries. 

The tensor fasciae latae muscle (N. superior 
gluteal, L 4, 5; S 1) arises from the forepart 
of the lateral lip of the iliac crest and the sub- 
jacent bony surface and is invested by fascia 
lata. It lies over the anterior borders of the 
gluteus medius and minimus. Its fibers pass 
downward and backward to become inserted 
into the fascia lata a little below the greater 
trochanter. This part of the fascia lata is known 
as the iliotibial band (tract) (Fig. 750). It is 
an extensor of the knee, acting through the 
iliotibial band and a medial rotator of the 
thigh. 

Two gemelli and obturator internus mus- 
cles. These muscles constitute a 3-headed 
muscle plate which occupies the interval be- 
tween the quadratus femoris and the pirifor- 
mis (Figs. 699 and 700). 

The obturator internus arises from almost 
the entire pelvic surface of the hip bone below 
the level of the obturator nerve (Fig. 705). 
It makes a right-angle turn as it passes through 
the lesser sciatic foramen and is separated 
from the margin of the foramen by a bursa. 
Its tendon passes across the posterior surface 
of the ischium and the capsule of the hip joint 
to reach the anterior facet on the upper bor- 
der of the greater trochanter. 

The superior gemellus arises from the is- 
chial spine, and the inferior gemellus from 
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Fig. 700. The piriformis muscle. 


the ischial tuberosity. They are associated with 
the upper and the lower borders of the obtura- 
tor internus tendon, and the three together 
have been referred to as the tricipital tendon. 

The quadratus femoris is an oblong muscle 
which is continuous at its origin and insertion 
with the adductor magnus. By some it is con- 
sidered as an upper extension of this latter 
muscle, the division between the two not al- 
ways being clearly evident. It arises from the 
lateral border of the ischial tuberosity, passes 
laterally and becomes inserted into a rounded 
prominence on the trochanteric crest of the 
femur. Its upper border lies edge to edge with 
the inferior gemellus. 

The 2 gemelli, the obturator internus and 
the guadratus femoris, are closely related to 
the capsular ligament of the hip joint and act 
as lateral rotators of the thigh. However, when 
the thigh is flexed the position of the greater 
trochanter is altered so that the piriformis and 
the obturator internus and the gemelli be- 
come abductors. The nerve supply of the obtu- 
rator internus and the superior gemellus 
comes from the nerve to the abturator in- 
ternus, but the inferior gemellus and the qua- 
dratus femoris are supplied by the nerves to 
the quadratus. 

Obturator externus muscle. This muscle is 
visible in this region, but it is better to study 
its origin when the medial side of the thigh 
is discussed (Fig. 699). It winds backward be- 
low the hip joint, its tendon passing obliquely 
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upward and laterally on the back of the neck 
of the femur to become inserted into the tro- 
chanteric fossa. 


Hip Joint 


The hip joint is an excellent example of the 
ball-and-socket variety of joints (Figs. 701 and 
702). Although it does not allow as free a range 
of movement as that which takes place in the 
shoulder joint, the loss in this respect is coun- 
terbalanced by a gain in stability and strength. 
The head of the femur forms the ball; the ace- 
tabulum, which is deepened by the transverse 
acetabular ligament and the acetabular lab- 
rum, forms the socket. 


Acetabulum and Head of the Femur 


Ball (Femoral Head). The ball (femoral 
head) forms two thirds of a sphere. However, 
this sphere is not perfect, since it is flattened 
above where the acetabulum rests most heav- 
ily upon it. It is covered by cartilage over its 
globoid surface as far as its junction with the 
femoral neck. A small depression called the 
fovea capitis is located a little behind the sum- 
mit of the head; it lodges the femoral attach- 
ments of the ligamentum teres through which 
the head receives a small arterial supply. At 
birth the proximal end of the femur is entirely 
cartilaginous. The neck is ossified by an exten- 
sion from the diaphysis; as it forms, it divides 
the cartilage into two parts. The more proxi- 
mal of these parts forms the head. A center 
of ossification appears in the head early in the 
lst year and unites with the neck during the 
20th year. The more distal part forms the 
greater trochanter, which begins to ossify in 
the 3rd year and joins the shaft about the 19th 
year. 

In order to increase the power and the mo- 
bility of the inferior extremity, the neck of 
the femur is inclined to the shaft at an angle 
which is about 125° in the adult and 160° 
in the child. This has been known as the angle 
of inclination. 


Acetabulum. The acetabulum (acetum; L. = 
vinegar cup) lies at the point of union of the 
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Fig. 701. The hip joint seen in frontal section. 


ilium, the ischium and the pubis. This cup- 
shaped cavity is deficient below where it 
forms a gap called the acetabular notch, 
which is bridged over by the transverse aceta- 
bular ligament and the glenoid lip, thus being 
converted into a foramen for the entrance 
of vessels and nerves. The remainder of the 
peripheral part of this cup is horseshoe 
shaped; since it articulates with the femur, 
it is covered with cartilage. The floor of the 
acetabulum, which is called the acetabular 
fossa, is covered by a small fat pad (haversian) 
which in turn is covered by synovial mem- 
brane. i 

The acetabular lip (labrum acetabulare, 
glenoid labrum) is a firm fibrocartilaginous 
ring which is fixed to the rim of the acetabu- 
lum; it deepens the cavity of the acetabulum 
and narrows its mouth. It fits closely on the 
head of the femur and has a suckerlike action 
which exerts an important influence in retain- 
ing it in place. Therefore, although the hip 
joint has been opened, it is not easy to pull 
the head of the femur out of the acetabulum. 
Both surfaces of the lip are covered with syno- 
vial membrane; its free margin is thin, but 
at its attachment at the acetabular ring it be- 
comes much thicker. Inferiorly, where it 


bridges the acetabular notch, it is called the 
transverse acetabular ligament. 

The epiphysis of the head of the femur en- 
circles the articular margin and lies entirely 
within the synovial capsule. The ilium, the is- 
chium and the pubis contribute to the articu- 
lar part of the acetabulum. This synosteosis 
is completed about the 16th year. 


Ligaments 


Capsular Ligament. The capsular ligament 
is exceedingly strong and surrounds the joint 
on all sides. It is attached proximally around 
the acetabulum and grasps the neck of the 
femur distally. The anterior part of the distal 
attachment occupies the whole length of the 
trochanteric line and the roof of the greater 
trochanter; it is very firm and strong. Posteri- 
orly, it falls short of the trochanteric crest by 
about ' inch; therefore, its attachment to the 
neck of the femur is weak. The fibers of this 
ligament run in two different directions, the 
majority passing obliquely from the hip bone 
to the femur. However, other fibers lie at right 
angles to the oblique ones, and these consti- 
tute the zona orbicularis (Figs. 702 and 703). 
They are circular fibers and are more distinct 
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Fig. 702. The hip joint. Five diferent views showing the relations between the acetabulum, the liga- 
ments, the head of the femur and the synovial membranes. 


in the posterior part of the capsule; they encir- 
cle the neck of the femur posteriorly and be- 
low but are lost toward the upper and the 
anterior part of the capsule. 

Since the ilium, the pubis and the ischium 
take part in the formation of the acetabulum, 
capsular fibers proceed from each of these 
bones to the femur; they are known as the 


iliofemoral, the pubofemoral and the ischio- 
femoral ligaments (Fig. 702). These are thick- 
ened portions of the capsule which have been 
given special names. 


Iliofemoral Ligament. The iliofemoral, or in- 
verted Y-shaped ligament of Bigelow, is 
placed over the front of the joint and is the 
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Fig. 703. The synovial membrane and the zona 
orbicularis of the hip joint seen from behind. 


thickest and most powerful part of the cap- 
sule. It is attached above to the antero-inferior 
iliac spine immediately below the origin of 
the straight head of the rectus femoris. As it 
passes downward it divides into two bands 
which are separated by a narrow interval. The 
upper band extends to the upper part of the 
intertrochanteric line, and the lower to the 
lower part of the same line. It is thicker at 
its sides than in the middle, which accounts 
for its “Y” appearance. The thinner central 
portion is perforated by an articular twig from 
the ascending branch of the lateral femoral 
artery. This ligament is approximately % inch 
thick and is one of the strongest ligaments 
in the body, its only rival being the interos- 
seous sacroiliac ligament. Bigelow has stated 
that a strain varying from 250 to 750 pounds 
is required for its rupture. It is rarely torn 
in hip dislocations. 


Pubofemoral Ligament. The pubofemoral 
ligament arises from the pubic bone and the 
obturator membrane and is inserted with the 
lower limb of the iliofemoral ligament. Above, 
between these 2 ligaments, there is usually 
a gap through which the subpsoas bursa com- 
municates with the joint. 


Ischiofemoral Ligament. The ischiofemoral 
ligament is a weak band which arises from 
the ischium below the acetabulum and passes 


Inferior Extremity: Hip 


upward and laterally to blend with the poste- 
rior part of the capsule. 

When one stands erect with the toes turned 
out, the articular cartilage on the head of the 
femur is directed forward. Its lateral part is 
protected by the iliofemoral ligament, and its 
medial part by the pubofemoral ligament; 
however, the intermediate part has no cover- 
ing ligament; hence, it is the “weak point” 
which is commonly perforated (Fig. 702 A). 
However, passing over this weak point is the 
tendon of the psoas muscle which provides 
some protection. Muscle fibers do not with- 
stand pressure by underlying bone; therefore, 
in such locations they_give place to tendons. 
This is true of the psoas tendon. Furthermore, 
tendons which pass over bony prominences 
require bursae to diminish friction and to faci- 
litate a free movement. The psoas bursa which 
commonly communicates with the joint be- 
tween the iliofemoral and the pubofemoral 
ligaments is no exception to this rule. In front 
of this tendon lies the femoral artery. The fem- 
oral nerve, which is lateral, lies in front of 
the iliacus muscle; the femoral vein, which 
is medial, lies in front of the pectineus muscle 
(Fig. 705). 


Synovial Membrane. The synovial mem- 
brane lines all parts of the interior of the hip 
joint except where articular cartilage or fibro- 
cartilage is found (Figs. 701, 702 B and 703). 
This last statement is true of all synovial joints. 
The membrane lines the neck of the femur 
completely in front and as far as the obturator 
externus tendon behind; it stretches across the 
acetabular fossa. In front of the femoral neck 
and below it, the membrane is thrown into 
several loose folds which are called retinacula 
and in which arteries run onto the neck of 
the femur. As the membrane protrudes poste- 
riorly between the free lower border of the 
fibrous capsule and the neck, it forms a bursa 
for the tendon of the obturator externus. 
Therefore, an incision made above this tendon 
usually will enter the joint, but one made be- 
low usually will miss it. 


Ligamentum Teres. The ligamentum teres or 
ligament of the head of the femur consists 
mainly of synovial membrane; it has the form 
of a flattened triangular band. It is attached 
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above to the fovea on the head of the femur, 
and below it blends with the transverse liga- 
ment. Most anatomists believe that it does not 
play a major part in holding the femur in the 
acetabulum. The Weber brothers showed the 
importance of the part played by atmospheric 
pressure rather than the ligamentum teres. 
They suspended a cadaver and divided all the 
muscles and ligaments around the joint, and 
the head of the femur did not pull free. If 
an opening was made into the acetabulum to 
allow the entry of air, the lower limb immedi- 
ately fell off. On closing the opening with the 
finger the limb could again be kept in position. 
The ligament is tense when the semiflexed 
limb is adducted or rotated outward. It acts 
as a “mesentery, since it carries an artery 
to the femoral head. 


Vessels 


The arteries that supply the hip joint are de- 
rived from the gluteal, the circumflex and the 
obturator arteries. Wolcott is of the opinion 
that the anastomosis between the ligamentum 
teres vessel, the capsular artery and the nu- 
trient artery of the shaft does not take place 
until the ossification of the head of the femur 
is practically, if not entirely, completed. 

At this time the vessels of the three systems 
unite by penetrating the thinned-out cartilage 
area at the fovea, thus establishing the anasto- 
mosis. The ligamentum teres circulation, he 
believes, is a closed one in so far as the femoral 
head is concerned, until such an anastomosis 
takes place. 


Nerves 


The nerves are derived from the nerves to 
the quadratus femoris, the femoral via the 
nerve to the rectus femoris, the anterior divi- 
sion of the obturator nerve, and occasionally 
the accessory obturator nerve. 


Movements 


The depth with which the femoral head en- 
ters its socket would have made only flexion 
and extension possible, but, owing to the 
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length of the femoral neck, greater freedom 
of movement is permitted. 

Flexion is much greater in the flexed than 
in the extended position because in this posi- 
tion the capsule is looser. In full extension the 
head of the femur tends to leave the acetabu- 
lum, and the articular surfaces may be sepa- 
rated by 1 or 2 centimeters. Flexion is limited 
by the sides coming in contact with the ante- 
rior abdominal wall. The muscles which pro- 
duce flexion are the psoas, the rectus femoris, 
the sartorius, the pectineus, the anterior part 
of the gluteus medius and the minimus. 

In extension the articular surfaces are held 
in close contact; rotation and abduction are 
not as free as in flexion. Extension is limited 
by the iliofemoral (Bigelow) ligament. The 
muscles which produce extension are the glu- 
teus maximus, the hamstrings and the poste- 
rior part of the adductor magnus. 

Abduction is very slight in extension, being 
checked by the “Y” and the pubocapsular liga- 
ments. It is produced by the gluteus medius, 
the minimus, the upper part of the maximus, 
the tensor fasciae latae and the sartorius. 

Adduction is produced by the adductors, 
the gracilis and the pectineus; it is checked 
by the other limb, but, if in flexion, by the 
“Y” ligament. 

Rotation. The extent of rotation is about 
90°. Internal rotation is produced by the ante- 
rior part of the gluteus medius and minimus, 
the tensor fasciae latae and the iliopsoas and 
is limited by the ischiocapsular ligament. Ex- 
ternal rotation is produced by the obturator 
externus, the obturator internus, the gemelli, 
the piriformis, the quadratus femoris, the pos- 
terior parts of the glutei, the adductors and 
the sartorius, and in the flexed condition by 
the iliopsoas. 


Relations 


The relations are the following (Figs. 704 and 
705): 

1. Anteriorly, the psoas and the femoral ar- 
tery, the iliacus, the femoral nerve, the pecti- 
neus and the femoral vein. 

2. Laterally, the rectus femoris in front of the 
iliofemoral ligament and the gluteus minimus. 
3. Inferiorly, the obturator externus crosses 
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Fig. 704. Relations around the right hip joint. The femur has been removed, and the acetabulum is 


viewed from the right side. 


below the head and runs behind the neck of 
the femur. 

4. Posteriorly, the piriformis, the obturator 
internus, the gemelli, the upper border of the 
quadratus femoris and the sciatic nerve. 


Surgical Considerations 


Traumatic Dislocations of the Hip 


Since the hip is firmly stabilized by the power- 
ful muscles and the strong capsule which are 
associated with it, traumatic dislocations are 
rather infrequent. The weak point of the joint 
is at its lower part where a portion of the ace- 
tabular rim is deficient. However, when dislo- 
cations do occur, they may be posterior, ante- 
rior or central (Fig. 706). 


Posterior Dislocation. In a posterior disloca- 
tion the head of the femur is forcefully pushed 
against the posterior part of the capsule which 
it tears; it then passes upward and backward 
and may occupy an iliac or sciatic position. 
Hence, two types of posterior dislocations 
have been described, namely, the iliac variety 
and the sciatic variety. In the latter the head 
of the femur lies below the tendon of the obtu- 
rator internus muscle; in the iliac variety the 
femoral head lies on the dorsum of the ilium 
and can be felt in the buttock. The iliofemoral 
(“Y”) ligament usually is not torn, since it is 
the strongest part of the capsule, but the pos- 
terior portion of the capsule usually is torn. 
The sciatic nerve may be damaged, and the 
short rotator muscles of the femur, particu- 
larly the obturator internus, also may be in- 
jured. 


Surgical Approaches to the Hip Joint 
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Fig. 705. Transverse section through the right hip joint. 


Anterior Dislocation. In the anterior disloca- 
tion the head of the femur is forced through 
the inferomedial aspect of the joint and passes 
medially and forward; it may come to rest on 
the obturator foramen (obturator variety) or 
may continue still more anteriorly to reach 
a position beneath the pubis (pubic variety). 
In the obturator variety the femoral head rests 
on the obturator externus muscle. In the pubic 
variety the femoral head is found in front of 
the horizontal ramus of the pubis opposite the 
iliopectineal eminence. The iliopsoas and the 
pectineal muscles, as well as the obturator and 
the femoral nerves, may be injured. 


Central Dislocation. A central dislocation of 
the head of the femur penetrates through the 
acetabulum and has been referred to as the 
intrapelvic variety. Usually, a radiating type 
of fracture of the acetabulum results with a 
depression of the socket. 


Surgical Approaches to the 
Hip Joint 


Numerous approaches have been described 
for exposure of the hip joint. However, only 
4 of these will be discussed in this section: 
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Fig. 706. Traumatic dislocation of the hip joint. 


the anterior, the anterior iliofemoral, the lat- 
eral and the posterior. 


Anterior Approach. The anterior approach to 
the hip joint commences with a 5-inch or 6- 
inch skin incision which extends from the an- 
terior superior iliac spine downward along the 
sartorius muscle (Fig. 707). The superficial and 





Fig. 707. The anterior approach to the hip joint. 
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the deep fasciae are incised, and the upper 
third of the sartorius and the rectus femoris 
muscles are exposed. In this region the super- 
ficial circumflex iliac vessels are seen and may 
require ligating. The sartorius and the iliop- 
soas muscles are retracted medially, and the 
femoris muscles laterally. This exposes the an- 
terior capsule of the hip joint. The femoral 
nerve lies on the medial aspect of this capsule 
and should be retracted medially. The capsule 
is opened in a longitudinal direction; if greater 
exposure of the joint is needed, a transverse 
incision into the capsule is added at the end 
of the longitudinal one. 


Anterior Iliofemoral Approach. The anterior 
iliofemoral approach to the hip joint has been 
described by Smith-Peterson (Fig. 708). This 
exposes the anterior and the lateral aspects 
of the hip joint. The incision commences at 
about the middle of the iliac crest, curves for- 
ward to the anterior superior iliac spine and 
then continues distally and somewhat laterally 
for about 5 inches. The superficial and the 
deep fasciae are incised, and the gluteus me- 
dius and the tensor fasciae latae muscles are 
severed about % inch from the iliac crest. 
These muscles are stripped subperiosteally 
downward and backward. At times the lateral 
cutaneous nerve is seen and retracted medi- 
ally. The capsule is now exposed and is incised 





Fig. 708. The anterior iliofemoral approach to the 
hip joint (Smith-Peterson). 


Surgical Approaches to the Hip Joint 





Fig. 709. The lateral approach to the hip joint. 


transversely, care being taken to avoid injur- 
ing the iliofemoral ligament which is on the 
anterior aspect of the capsule. If greater expo- 
sure of the hip joint is needed, the ligamentum 
teres can be cut, and the femur rotated exter- 
nally so that the head of the femur is dislo- 
cated. Rapid closure may be accomplished by 
replacing the periosteum against the ilium 
and suturing the severed muscles to the crest 
of the ilium. 


Lateral Approach. The lateral approach to 
the hip joint can be accomplished through a 
“U”-shaped incision as described by Ollier 
(Fig. 709). (Watson-Jones described a lateral 
approach through a curved incision.) The “U”’- 
shaped incision commences at the anterosupe- 
rior iliac spine, continues distally below the 
greater trochanter, across the femur, then 
posteriorly and upward and ends midway be- 
tween the greater trochanter and the postero- 
superior iliac spine. The gluteus medius mus- 
cle is separated posteriorly, and the tensor 
fasciae latae muscle anteriorly down to the 
greater trochanter. The greater trochanter is 
removed with an osteotome and, with its atta- 
ched muscles, is displaced proximally. The in- 
cision is extended posteriorly by separating 
fibers of the gluteus maximus muscle so that 
adequate exposure is attained. The exposed 
capsule is incised longitudinally along the su- 
perior surface of the femoral neck. 
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Fig. 710. The posterior approach to the hip joint. 


Posterior Approach. The posterior approach 
to the hip joint may be accomplished by 
means of a posterior curved incision described 
by Kocher. This incision begins at the postero- 
superior iliac spine, extends outward and 
downward 1 inch distal to the greater trochan- - 
ter (Fig. 710). The superficial and the deep 
fasciae are incised, and the gluteus maximus 
muscle is divided about 1 inch distal to the 
posterior iliac spine. The aponeurotic inser- 
tion of the gluteus maximus is separated from 
the trochanter. Then the muscle is retracted 
proximally and distally, thus exposing the sci- 
atic nerve and the external rotator muscles 
of the hip joint. The hip is rotated outward; 
the tendons of the superior gemellus, the ob- 
turator internus and the inferior gemellus 
muscles are divided about % inch from their 
insertions. After retracting these latter mus- 
cles medially, and the piriformis muscle proxi- 
mally, the posterior articular capsule will be 
exposed. The capsule is incised longitudinally 
and transversely, thereby exposing the poste- 
rior aspect of the head and the neck of the 
femur. 


SECTION 9 INFERIOR EXTREMITY 


Chapter 44 


Thigh 


The thigh extends from the hip to the knee 
(Fig. 711). The spine of the pubis and the an- 
terosuperior iliac spine, with the inguinal liga- 
ment stretched between these 2 points, is the 
dividing line between the thigh and the abdo- 
men. The upper boundary of the thigh poste- 
riorly is the transverse gluteal fold; the lower 
thigh boundary has been set at a level 3 finger- 
breadths above the base of the patella. 

The contour is conical and oblique in a 
downward and inward direction; this obliq- 
uity is more marked in the female. The mus- 
cles stand out boldly in the well-developed 
male, but in the female the thigh is rounded 
more uniformly, due to the greater amount 
of subcutaneous fat. 


Front of the Thigh 


Nerves, Fascia, Vessels and 
Lymph Glands 


The skin of the thigh is thicker over the lateral 
aspect. 


Nerves. The cutaneous nerves of the front of 
the thigh are (Fig. 712): 

l. The ilioinguinal nerve (L 1), which is lo- 
cated close to the pubic spine and to the outer 
side of the spermatic cord. It supplies the skin 
of the scrotum and the root of the penis in 
the male, as well as that part of the thigh in 
contact with the genitals. It supplies the la- 
bium majus in the female. 

2. The lumboinguinal nerve (femoral branch 
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of the genitofemoral, L 1, 2) is small and sup- 
plies a limited area below the middle of the 
inguinal ligament. It is a slender nerve and 
not easily found. It pierces the deep fascia a 
little lateral to the saphenous opening. 

3. The lateral cutaneous nerve of the thigh 
(L 2, 3) appears behind the lateral end of the 
inguinal ligament. It divides into anterior and 
posterior branches which supply the skin of 
the lateral aspect of the thighs as far down 
as the knee; it helps in the formation of the 
patellar plexus. The posterior branch supplies 
the anterior part of the buttocks. 

4. The intermediate cutaneous nerve of the 
thigh (L 2, 3) supplies the skin over the ante- 
rior aspect of the thigh by means of lateral 
and medial branches, which end in the patel- 
lar plexus. 

5. The medial cutaneous nerve of the thigh 
(L 2, 3) supplies the medial aspect of the thigh 
and ends in the patellar plexus. 


Fascia. The superficial fascia of the lower 
limb is the same as that of the body generally. 
Therefore, it has 2 layers, a fatty superficial 
layer of superficial fascia, which is a continua- 
tion of Camper’s fascia of the abdomen, and 
a deep membranous layer of superficial fascia, 
which is a continuation of Scarpa’s fascia of 
the abdomen. The latter is attached to the 
deep fascia of the thigh about a finger’s 
breadth below the inguinal (Poupart’s) liga- 
ment; more medially, it attaches along a line 
which runs parallel with and lateral to the 
spermatic cord. This line runs from the pubic 
tubercle to the pubic arch. 


Front of the Thigh 
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Fig. 711. The thigh. 


If urine or other fluids pass into the anterior 
part of the perineum, they cannot encroach 
upon the medial side of the thigh because of 
the attachment of the membranous layer of 
superficial fascia from the pubic tubercle to 
the pubic arch. However, they can ascend be- 
tween the membranous layer and the deep 
fascia of the abdominal wall. Upon reaching 
the abdominal wall they cannot descend the 


front of the thigh because of the connection 
of the mebranous layer and the fascia lata 
(deep fascia). 


Vessels. In the superficial fascia the subcuta- 
neous vessels, the nerves and the lymph 
glands are found. Of practical importance is 
the internal saphenous vein (saphena magna, 
great or long saphenous vein) (Fig. 713). In 
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Fig. 712. The cutaneous nerve supply of the ante- 
rior region of the thigh. 


the thigh it usually is concealed by the sur- 
rounding fat, but it is seen easily in the leg; 
hence, its name (saphes = easily seen). This 
vein originates at the inner side of the dorsal 
venous arch of the foot and passes upward 
in front of the internal malleolus. It continues 
to ascend behind the inner border of the tibia 
as far as the posterior surface of the internal 
condyle of the femur. From here it takes a 
straight upward course along the medial as- 
pect of the thigh to the fossa ovalis where it 
empties into the femoral vein (sapheno-femo- 
ral junction. 

Entering the long saphenous vein are 2 
veins that run almost parallel with it. One en- 
ters from the anteroexternal aspect of the 
thigh and is called the anterior (lateral super- 
ficial) saphenous; the other from the postero- 
internal aspect of the thigh is called the pos- 
terior (medial superficial) saphenous. 

Three additional veins enter the long saphe- 
nous; they are the superficial external pudic, 
the superficial epigastric and the superficial 
circumflex iliac. Each of these is accompanied 
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Fig. 713. (A) The internal saphenous vein. (B) The 
inguinal lymph glands. 


by its corresponding artery; the arteries are 
branches of the femoral artery. Some of the 
superficial tributaries may empty directly into 


Front of the Thigh 


the femoral instead of the internal saphenous 
vein; therefore, they do not serve as absolute 
guides; hence, the femoral vein may be ligated 
by mistake. 

At times the term “accessory saphenous” 
is seen in many of the standard texts. The term 
usually seems to mean a lesser saphenous vein 
that ends high in the greater saphenous. 
Whether this designates a medial or a lateral 
vein is still not clear. Daseler and his co-work- 
ers have worked extensively in this field and 
can be referred to. The valves in the great 
saphenous vein vary tremendously in number 
and are also variably placed. However, ac- 
cording to Kampmeier and Birch, one is typi- 
cally located at the mouth of the great saphe- 
nous vein. Variations are present not only in 
the valves but also in the veins themselves. 
Some are of the opinion that the variations 
in the greater saphenous vein are in direct 
relation to the veins entering it at its upper 
end. The most typical pattern is described 
here. As they pass upward, the greater and 
the lesser saphenous veins communicate with 
each other and with the deep veins of the 
limb. Especially those of the leg communicate 
by means of so-called communicating or per- 
forator veins, which are so arranged that blood 
normally passes from the superficial to the 
deep-set (Fig. 714). Incompetence of some of 
their valves is regularly associated with vari- 
cose veins and, under these conditions, per- 
mits the blood flow to reverse. 

The short saphenous vein begins behind the 
lateral malleollus as a continuation of the lat- 
eral marginal vein (Fig. 715). It ascends along 
the lateral margin of Achilles tendon and 
crosses this tendon to reach the middle of the 
back of the leg. Frequently it perforates the 
deep fascia in the upper part of the leg and 
empties into the popliteal veins between the 
heads of the gastrocnemius muscle. Like many 
veins, the course and termination of the short 
saphenous vein varies tremendously. Various 
descriptions reveal that the short saphenous 
vein may terminate directly into the poplite- 
als, enter the long saphenous, enter the mus- 
cles of the lower part of the thigh or enter 
the muscles of the thigh with a small twig 
into the popliteal veins. Surgically, the impor- 
tance of this vein is that if it is incompetent 
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Fig. 714. A composite representation of the com- 
municating and the perforating veins on the back 
of the leg. 





\ , 


Fig. 715. Short saphenous vein. See text. 
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and is overlooked during an operation for vari- 
cosities, the varicosities will almost always re- 
cur. — 

The superficial external pudic (pudendal) 
vessels pass medially over the spermatic cord 
in the male and the round ligament of the 
uterus in the female. The deep external pudic 
vessels run under the spermatic cord or the 
round ligament; the internal pudic vessels 
reach the external genitals within the pelvis. 

The superficial epigastric vessels arise about 
l cm. below the inguinal ligament. The vein 
usually enters the saphenous opening, but the 
artery pierces the deep fascia lateral to the 
opening. 


Lymph Glands. In this region a number of 
lymph glands will be encountered (Fig. 713 
B). They are subdivided as follows: 
SUPERFICIAL GROUP: 

1. An upper (horizontal) group lies parallel 
with the inguinal ligament below the attach- 
ment of Scarpa’s fascia to the fascia lata. They 
drain the regions supplied by the 3 superficial 
inguinal blood vessels (anterior abdominal 
wall below the navel, the penis, the scrotum, 
the vulva, the vagina, the anus, the perineum 
and the buttock). 

2. A lower (perpendicular) group is placed 
on both sides of the upper end of the long 
saphenous vein. This group receives the su- 
perficial lymph vessels of the lower limb, ex- 
cept those from the lateral side of the foot 
and the posterolateral area of the leg which 
enter the popliteal glands. Lymphangitis from 
septic conditions of the toes produces enlarge- 
ment of this set of glands. 

DEEP GROUP: 

The deep inguinal lymph glands receive the 
deep lymph vessels of the lower limb. They 
are 4 or 5 in number and lie beneath the deep 
fascia close to the upper part of the femoral 
vein. The most proximal gland of this group 
(gland of Cloquet) lies in the femoral canal 
(p. 810). The efferents from the popliteal 
glands end in these glands, and they in turn 
drain into the external iliac lymph glands. 


Deep Fascia (Fascia Lata) 


The structures discussed to this point lie in 
the superficial fascia. Beneath this is the deep 
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fascia (fascia lata). This fascia attaches above 
and below to all the bony and the ligamentous 
structures available. 

Above, it is attached completely around the 
limb, to the anterior superior iliac spine, the 
inguinal ligament, the pubic bone (body), the 
pubic arch, the ischial tuberosity and the 
sacrotuberous ligament. Posteriorly, the fascia 
lata becomes the gluteal fascia and is attached 
to the sacral spines and the iliac crest and ends 
as the fascia lata at the anterior superior iliac 
spine. 

Below, the fascia lata attaches to the perios- 
teum of the patella, the medial and the lateral 
condyles of the tibia and the head of the fibula. 
Thus it completely surrounds the thigh as a 
tight-fitting sleeve. Posteriorly, it continues as 
the popliteal fascia. The fascia lata is much 
stronger laterally than medially because of the 
iliotibial tract which fuses and runs with it. 
This tract is a conjoined tendon for the inser- 
tion of the gluteus maximus and the tensor 
fasciae latae into the deep fascia of the thigh. 
The fascia lata provides septa which separate 
the various groups of muscles of the thigh. 
Each septum inserts at the linea aspera (Figs. 
711 and 716). Thus each group is enclosed 
in a separate fascial compartment. Since there 
are 3 main groups of muscles (extensors, flex- 
ors and adductors) there are 3 main septa: 

l. The lateral intermuscular septum sepa- 





Fig. 716. The septa of the thigh. The 3 main inter- 
muscular septa of the thigh (lateral, medial and 
posterior) form fascial compartments for the 3 main 
groups of muscles (extensors, flexors and adductors). 
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rates the extensors from the flexors and ex- 
tends from the deep surface of the fascia lata 
to the femur along the linea aspera as far as 
the lateral epicondyle. 

2. The medial intermuscular septum sepa- 
rates the extensors from the adductors. This 
septum is much thinner than the lateral; it 
forms the floor of Hunter’s canal (p. 816). 

3. The posterior intermuscular septum sepa- 
rates the adductors from the flexors. This sep- 
tum which originates from the deep surface 
of the fascia lata is associated with the connec- 
tive tissue surrounding the sciatic nerve. 
There are also separate fascial compartments 
for the individual muscles as well as the larger 
compartments for the muscle groups. 


Fossa Ovalis. The fascia lata has numerous 
small openings for the passage of the vessels 
and the nerves and one large opening, the 
fossa ovalis for the internal saphenous vein 
(Fig. 717). This opening is not quite as well 
marked as the average textbook picture would 
lead us to believe. Although present and de- 
monstrable, it may be quite indistinct. It is a 
little more than 1 inch long, a little less than 
l inch wide and appears about 1 inch below 
the medial end of the inguinal ligament. 
When well developed its upper, lateral and 
lower boundaries are well defined and to- 
gether form a sharply curved edge, the falci- 
form margin. Its medial border is poorly de- 
fined and blends with the pectineus fascia. 
The falciform margin has an upward and me- 
dial prolongation, the superior cornu, and a 
downward and medial prolongation, the infe- 
rior cornu. The superior cornu passes in front 
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Fig. 717. The fossa ovalis. 
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of the femoral vessels and attaches to the pu- 
bic spine. The inferior cornu passes behind 
the saphenous vein and blends with the pec- 
tineus fascia. The fossa ovalis is covered by a 
loose areolar and fatty tissue, the fascia crib- 
rosa, which fills the fossa. 


Inguinofemoral (Subinguinal) Region 


This region extends from the inguinal liga- 
ment above to the level of the apex of the 
femoral (Scarpa’s) triangle below. It also in- 
cludes the area from the tensor fasciae latae 
muscle laterally to the pectineus muscle medi- 
ally. 


Femoral Triangle. The femoral triangle of 
Scarpa (femoral trigone) lies directly below 
the inguinal ligament which forms its base 
(Fig. 718). Laterally, it is bounded by the me- 
dial border of the sartorius muscle, and medi- 
ally by the medial border of the adductor lon- 
gus muscle. The floor of the triangle is formed, 
lateral to medial, by the iliacus, the pectineus 
and the adductor longus muscles. The adduc- 


.tor longus forms part of the floor as well as 
the medial boundary. The roof is formed by 


the fascia lata. When the roof of the triangle 
is removed, the contents, namely, the femoral 
nerve, the artery and the vein, become visible. 


Femoral Sheath. The femoral sheath can be 
understood by studying the fascial relations 
in the false pelvis and following them into the 
thigh (Figs. 719 and 720). The fascia which 
covers the iliopsoas muscle is the iliopsoas fas- 
cia. It extends from the iliac crest laterally 
to the pelvic brim medially. The femoral 
nerve lies behind it, but the femoral vein and 
artery lie upon it. The iliopsoas muscle and 
its fascia pass behind the inguinal ligament 
on their way to the thigh. The iliac part of 
the fascia comes in direct contact with the 
inguinal ligament since no structures inter- 
vene; however, that part of the fascia which 
covers the psoas muscle cannot touch the in- 
guinal ligament because the femoral artery 
and vein lie on the fascia, separating it from 
the ligament. The femoral vessels thus leave 
the pelvis and enter the thigh, and the psoas 
fascia continues behind the vessels to become 
continuous with the pectineus fascia. It has 
been stated that the fascia lata “takes its ori- 
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Fig. 718. The femoral triangle of Scarpa and its contents. The roof (fascia lata) of the triangle has 
been removed, and the relations of the femoral nerve and vessels to the iliac fascia are shown. 
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Fig. 719. The femoral sheath. 
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Fig. 720. The femoral sheath and its associated 
structures as seen from below. 


gin” from the inguinal ligament; hence, the 
iliac part of the iliopsoas fascia fuses with the 
fascia lata, but it is impossible for the psoas 
part of the fascia to touch the fascia lata be- 
cause of the interposed femoral artery and 
vein. Therefore, the fascia lata lies in front 
of the vessels, and the continuation of the 
iliopsoas fascia (pectineus fascia) lies behind 
them. The femoral vessels (not the nerve) are 
thus wrapped in a downward prolongation of 
the extraperitoneal fatty areolar tissue which 
becomes the femoral sheath. The anterior wall 
of this sheath is formed by a continuation of 
transversalis fascia; this lines the deep surface 
of the anterior abdominal wall. The posterior 
wall of the sheath is formed by that part of 
the iliopsoas fascia which lies behind the femo- 
ral vessels. The sheath ends about 1% inches 
below the inguinal ligament by blending with 
the adventitial coats of the femoral vessels. 
Two anteroposterior septa divide the sheath 
into 3 compartments. Separate longitudinal 
incisions may be made over each compart- 
ment to identify the contents. The femoral 
artery occupies the lateral compartment, the 
femoral vein occupies the middle compart- 
ment, and in the medial compartment, also 
called the femoral canal (p. 810), are found 
the main lymph vessels of the lower limb. 


Femoral Artery. The femoral artery, a contin- 
uation of the external iliac artery, bisects the 
inguinal ligament (midinguinal point) and is 
therefore the ventral structure running 
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through the femoral triangle (Fig. 721). To 
locate the nerve to the pectineus muscle ( fem- 
oral nerve) one must retract the femoral ar- 
tery medially and the femoral nerve laterally. 
It is of fair size and descends downward and 
inward to disappear deep to the femoral ar- 
tery or between it and the deep femoral ar- 
tery. This is the only motor nerve that crosses 
the femoral artery in Scarpa’s triangle, and 
since it does so posteriorly it is in a protected 
position. 


Branches of the Femoral Artery. Several su- 
perficial branches arise from the femoral ar- 
tery. The superficial circumflex iliac and the 
superficial epigastric arteries have been de- 
scribed (Fig. 721). The superficial external pu- 
dendal passes medially in front of the femoral 
vein and then crosses to the spermatic cord. 
The deep external pudendal artery arises a 
little over 1 inch below the inguinal ligament, 
runs medially but behind the femoral vein and 
in front of the pectineus and the adductor 
longus muscles. It pierces the fascia lata and 
is distributed to the scrotum or the labium 
majorum. 

As the femoral artery travels through Scar- 
pa’s triangle it crosses its trimuscular floor. 
However, it is separated from each of these 
muscles in the following way: (1) from the 
psoas by its sheath and by the nerve to the 
pectineus, (2) from the pectineus by a fat pad 
which contains the profunda vessels, and (3) 
from the adductor longus by the femoral vein. 

The profunda femoris artery is a large ves- 
sel which usually arises from the posterolateral 
aspect of the femoral artery. It may arise as 
high as the level of the inguinal ligament, in 
which case 2 main arteries appear to enter 
the limb. The profunda femoris artery is al- 
most as large as the femoral artery proper. 
The profunda leaves the triangle by passing 
behind the adductor longus, which separates 
it from the femoral vessels proper. It then lies 
on the adductor magnus, where it ends as the 
fourth perforating artery. The lateral and the 
medial circumflex arteries spring from the 
profunda near its origin. 

The lateral circumflex artery passes later- 
ally among the branches of the femoral nerve, 
sometimes separating this nerve into superfi- 
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Fig. 721. The femoral artery. 


cial and deep sets of branches. It leaves the 
triangle by passing under cover of the sarto- 
rius muscle. It divides into 3 branches: (1) an 
ascending branch, which ends with the nerve 
to the tensor fasciae latae; (2) a transverse 
branch, which anastomoses with the medial 
circumflex artery; and (3) a descending 
branch, which is associated with the nerve to 
the vastus externus (vastus lateralis). 

The medial circumflex artery passes 


through the floor of the triangle between the 
pectineus and the iliopsoas muscles and termi- 
nates in the buttocks at the lower border of 
the quadratus femoris. The femoral artery 
leaves the apex of Scarpa’s triangle to enter 
the subsartorial (adductor) canal of Hunter 
(p. 816). 

The profundis femoral artery not only dis- 
tributes blood to the thigh but via its multiple 
branches provides a series of arcades that link 
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the hypogastric and lumbar branches of the 
aorta and iliac arteries with the genucilar and 
recurrent branches of the popliteal and tibial 
arteries. This anastomotic arrangement pro- 
vides the basis for a rich collateral circulation 
that can bypass many levels of obstruction in 
the iliac, femoral and popliteal trunks. As a 
result of gradual obliteration of the superficial 
femoral artery (atherosclerosis), these alter- 
nate channels enlarge to serve the dual role 
of local distribution of arterial blood to the 
thigh and of conduction of arterial flow to the 
calf and foot. 


Femoral Vein. The femoral vein is a large ves- 
sel and is a direct continuation of the popliteal 
vein. It begins at an opening in the adductor 
magnus, ascends through the subsartorial ca- 
nal of Hunter and the femoral triangle and 
ends behind the inguinal ligament, where it 
becomes the external iliac vein. Below, it lies 
posterolateral to the artery, but in the greater 
part of its course it lies posteriorly, except in 
the upper part of the thigh, where it lies to 
the medial side of the femoral artery. It re- 
ceives the long saphenous vein as its main tri- 
butary and other smaller tributaries, some of 
which correspond to the artery. At the apex 
of Scarpa’s triangle a definite order of struc- 
tures exists (Fig. 722), from before backward: 
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the femoral artery, the femoral vein, the ad- 
ductor longus muscle, the profunda vein and 
the profunda artery. Hence, a stab or a bullet 
wound at the apex of Scarpa’s triangle could 
penetrate all 4 of these vessels in succession. 


Femoral Nerve. The femoral nerve is the 
nerve of the anterior compartment of the 
thigh. It arises within the abdomen from the 
lumbar plexus and forms a thick nerve (Fig. 
723). In the false pelvis it lies deep in the 
groove between the psoas and the iliacus and 
enters the femoral triangle by passing behind 
the inguinal ligament. In the thigh it is lateral 
to the femoral artery, from which it is sepa- 
rated by a small part of the psoas muscle and 
the femoral sheath. About 1 inch below the 
inguinal ligament it breaks up into a “cauda 
equina’’—like a leash of muscular and cutane- 
ous nerves. The muscular branches pass to the 
pectineus, the sartorius and the quadriceps 
femoris. The cutaneous branches constitute 
the medial cutaneous and the intermediate 
cutaneous nerves of the thigh and the saphe- 
nous nerve. Two of these branches closely fol- 
low the artery on its lateral side and into the 
subsartorial canal: the saphenous nerve, which 
is sensory, and the nerve to the vastus me- 
dialis, which is motor. The nerve supply to 
the quadriceps femoris is through 4 separate 


Fig. 722. The relations of the femoral artery and vein in the femoral triangle. 
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Fig. 723. The femoral nerve. 


nerves, one to each head: the rectus femoris 
and the 3 vasti. Articular nerves arise from 
these 4 muscular branches. The nerve to the 
rectus femoris sends a slender branch to the 
hip joint, and the nerves to the vasti send fila- 
ments through the muscles to the knee joint. 


Surgical Considerations 


Surgical Anatomy and Repair of a 
Femoral Hernia 


Surgical Anatomy. In a femoral hernia the 
abdominal contents enter the femoral ring, 
pass through the femoral canal and leave 
through the fossa ovalis (Fig. 724). In so doing, 
the abdominal contents push the parietal peri- 
toneum, the extraperitoneal fat and the femo- 
ral septum on ahead. The femoral canal is only 
about % inch in length; therefore, it is more 
of an anatomic landmark than a true canal 
or surgical structure. 


The femoral ring has the following bound- 
aries: 


Anterior: the inguinal ligament. 
Posterior: the pectineus fascia and muscle. 
Lateral: the femoral vein. 
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Fig. 724. Femoral hernia. 


Surgical Considerations 


Medial: the lateral sharp edge of the lacu- 
nar (Gimbernat’s) ligament. 


With these boundaries kept in mind one 
readily comprehends the danger of cutting 
lateral to a femoral hernia (femoral vein). 


Surgical Repair. The surgical repair of a fem- 
oral hernia may be accomplished through a 
subinguinal approach or an inguinal approach. 

The subinguinal approach usually is per- 
formed through a vertical incision placed di- 
rectly over the protruding mass (Fig. 725). The 
incision is deepened until a fatty mass is seen 
below the fatty areolar layer. If the falciform 
margin is well developed it can be severed; 
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otherwise, one proceeds directly to the femo- 
ral ring where the neck of the sac is freed. 
The extraperitoneal fat is incised, and the sac 
(peritoneum) is located and tight that strangu- 
lation is produced and the contents cannot 
be reduced, more room can be gained by cut- 
ting the lacunar ligament. If viable, the con- 
tents are reduced, and the sac is ligated and 
excised. The usual method of repair is one 
in which the inguinal ligament is sutured to 
the fascia of the pectineus muscle. The femo- 
ral vein must not be encroached upon. 

The inguinal approach opens the inguinal 
canal, as in the repair of an inguinal hernia. 
The transversalis fascia is incised, and the neck 
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Fig. 725. The anatomy involved in the repair of a femoral hernia. 
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of the femoral hernia sac is located in the ex- 
traperitoneal fatty layer just proximal to the 
femoral ring. The sac is drawn into the ingui- 
nal canal; it is handled in the routine manner. 
Both the femoral ring and the inguinal canal 
are closed by placing sutures which approxi- 
mate the conjoined tendon and the inguinal 
ligament to Cooper’s ligament. 


Ligation of the Femoral Artery in the 
Femoral Triangle 


The femoral artery is situated in a superficial 
position in the femoral triangle of Scarpa (Fig. 
727). The femoral vein lies in close proximity 
to the artery. The artery is easily ligated in 
this location because of its superficial position 
and because of the ease with which it can be 
separated from the femoral vein, since each 
vessel is situated in its own compartment 
within the femoral sheath. Collateral circula- 
tion is maintained through anastomoses be- 
tween the superior and the inferior gluteal 
vessels and the first perforating branch of the 
deep (profunda) femoral artery. 

Ligation of the artery at the apex of the 
femoral trigone can be accomplished through 
an incision placed directly over the vessel. The 
sartorius muscle is identified and retracted lat- 
erally; the vessel is isolated just before it enters 
the subsartorial (adductor) canal of Hunter. 
Collateral circulation is maintained by anas- 
tomoses around the knee joint, where the 
branches of the profunda femoris artery anas- 
tomose with the branches of the popliteal ar- 
tery. 


Profundaplasty. Stenosis or occlusion of the 
deep femoral artery should be repaired when- 
ever the distal portion of the artery is patent 
so that it may serve as the primary collateral 
to bypass an obstructed superficial femoral ar- 
tery. Profundaplasty may be performed as an 
adjunct procedure to such operations as aorto- 
femoral bypass. 

It may also be performed as a primary oper- 
ation. A vertical incision which extends 5 cm. 
proximal to the inguinal crease is made di- 
rectly over the femoral artery to expose the 
femoral vessels. This incision runs parallel to 
the medial border of the sartorius and is car- 
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ried as far distally as is necessary to provide 
good exposure to the diseased segment of the 
profunda. The femoral nerve and its branches 
lie lateral to the operative field and must be 
protected. The inguinal ligament is divided 
to allow adequate exposure to the common 
femoral artery at its junction with the external 
iliac artery. The occluded superficial femoral 
artery, which will subsequently serve as a 
source of autogenous patch material, is dis- 
sected free. To expose the profunda femoris 
artery beyond the first 2 cm., it is necessary 
to divide the large lateral circumflex femoral 
vein that lies transversely across the anterior 
surface of the artery. Dissection of the pro- 
funda is carried distally beyond any obvious 
occlusive disease. The adductor longus muscle 
overlies the distal profunda femoris artery and 
must be incised to approach the artery beyond 
the second perforator. An artereotomy is be- 
gun on the common femoral artery, is ex- 
tended into the orifice of the profunda, and 
is carried down to a point well beyond the 
major obstructing disease. An endarterectomy 
is performed. Occasionally, a simple patch 
without endarterectomy will suffice (Fig. 726). 


Musculature of the Thigh 


Since the thigh is capable of performing 4 
principal types of movements it is well to con- 
sider the musculature in 4 parts (Fig. 701): 
1. Adductors (obturator nerve) 

2. Abductors (superior gluteal nerves) (see 
p. 790) 

3. Extensors, anterior femoral muscles, (femo- 
ral nerve) 

4. Flexors, posterior femoral muscles, (sciatic 
nerve) 


Adductor (Obturator) Group 


The adductor region has been referred to as 
the obturator region, since it is supplied by 
the obturator nerve. In this region, which is 
situated on the medial aspect of the thigh, 
are found 6 muscles: 3 adductors (longus, bre- 
vis and magnus) plus 3 other muscles: the pec- 
tineus, the gracilis and the obturator externus 
(Fig. 728). 
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Fig. 726. 


These muscles constitute a group which is 
interposed between the extensor group in 
front and the flexor group behind. The adduc- 
tor muscles arise from the bones around the 
obturator foramen and the obturator mem- 
brane; they insert from the trochanteric fossa 
of the femur above to the medial surface of 
the tibia below (Fig. 739). 


Pectineus Muscle. The pectineus muscle can 
be exposed after having identified the femoral 
triangle; it makes up part of the floor of this 
triangle. It arises from the superior ramus of 
the pubis, runs downward and backward to 
become inserted into the posterior aspect of 
the proximal part of the femoral shaft just be- 
low the lesser trochanter. This muscle is pecu- 
liar in that it has a double nerve supply (Fig. 
729). The medial part is supplied by the obtu- 
rator nerve; the lateral half, by the femoral 
nerve. Because of this, some anatomists be- 
lieve that the muscle has a double origin and 
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should be divided into medial and lateral 
parts. Although the greater part of the muscle 
is supplied by the nerve to the pectineus (Fig. 
729) (femoral nerve), it is still considered one 
of the adductors in the obturator group. 


Adductor Longus Muscle. The adductor lon- 
gus muscle lies on the same plane as the pec- 
tineus; therefore, it also makes up part of the 
floor of Scarpa’s triangle. It arises by a flat- 
tened tendon from the body of the pubis in 
the angle between the crest of the pubis and 
the symphysis pubis. If the thigh is abducted, 
its tendon becomes prominent and palpable 
and acts as a guide to the pubic tubercle. Ex- 
tending downward and laterally, its fibers 
spread out into a rather broad thin aponeuro- 
sis which inserts into the medial lip of the 
linea aspera. It lies between the pectineus and 
the gracilis. (The adductor brevis may be seen 
behind and between the pectineus and the 
adductor longus muscles.) It is the most ante- 
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Fig. 727. Exposure and ligation of the femoral ar- 
tery in the femoral triangle. 


rior of the 3 adductor muscles. If it is divided 
near its origin and turned down, its nerve and 
blood supply are seen entering its deep sur- 
face. The muscle which is exposed by reflect- 
ing the adductor longus is the adductor brevis. 


Adductor Brevis Muscle. The adductor bre- 
vis, a large muscle, is covered with fat on its 
anterior surface. In this fat lies the anterior 
division of the obturator nerve. (The posterior 
division of the nerve lies behind the adductor 
brevis.) The anterior division of the nerve sup- 
plies the adductor longus and the brevis, the 
gracilis and the hip joint. Also running in this 
fat is the deep branch of the femoral artery 
(profunda femoris) with its accompanying 
veins. The adductor brevis arises from the 
front of the pubis below the adductor longus 
and runs downward, backward and laterally. 
It inserts into the linea aspera above and be- 
hind the adductor longus, reaching almost as 
high as the lesser trochanter. Its upper border 
lies against the obturator externus. If the ad- 
ductor brevis is cut near its origin and turned 
downward the adductor magnus is seen. 


Adductor Magnus Muscle. The adductor 
magnus muscle, largest and most posterior of 
the 3 adductors, rises from the inferior ramus 
of the ischium and the outer part of the infe- 
rior surface of the ischial tuberosity. It inserts 
on the linea aspera extending upward along 
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Fig. 728. The adductor group of muscles. Six mus- 
cles constitute this group: the 3 adductors (longus, 
brevis and magnus), the pectineus, the gracilis and 
the obturator externus. 


the linea aspera’s lateral continuation, the glu- 
teal tuberosity, and downward on its medial 
continuation, the medial epicondylar line. The 
fibers which arise from the ischial tuberosity 
pass almost vertically downward to insert by 
means of a short tendon into the adductor 
tubercle which is located on the medial con- 
dyle of the femur. 

At the insertion of the muscle a series of 
osseoaponeurotic openings are formed by ten- 
dinous arches which attach to the bone (Fig. 
730). The upper openings, usually 4 in num- 
ber, are small and give passage to the perforat- 
ing branches of the profunda femoris artery. 
The lowest opening is the largest and is called 
the adductor hiatus. Through it the femoral 
vessels enter the popliteal fossa. The upper 
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Fig. 729. The obturator nerve. 


border of the adductor magnus lies close to 
the lower border of the obturator externus; 
the posterior border of the adductor magnus 
is in relation to the hamstring muscles and 
the sciatic nerve (Fig. 735). 


Obturator Externus Muscle. The obturator 
externus muscle arises from the medial mar- 
gin of the obturator foramen and from the 
lateral surface of the obturator membrane 
(Figs. 479 and 728). The fibers converge and 
pass behind the neck of the femur. The obtu- 
rator vessels lie between the muscle and the 
obturator membrane. The anterior branch of 
the obturator nerve reaches the thigh by pass- 
ing in front of the muscle, the posterior branch 
by piercing it. It is the powerful lateral rotator 
of the thigh and is seen best after division 
of the pectineus muscle. 


Gracilis Muscle. The gracilis muscle is the 
most superficial muscle on the medial side of 
the thigh. It is thin and straplike and arises 
from the margin of the upper part of the pubic 
arch and the adjoining part of the body of 
the pubis. It passes behind the medial epicon- 


dyle of the femur and inserts into the upper 
part of the medial surface of the tibia. When 
the hamstring muscles are paralyzed, flexion 
of the leg is accomplished by the gracilis and 
the sartorius muscles. 


Extensor (Anterior) Group 


The extensor group of muscles is the femoral 
nerve group. This group has been referred 
to as the flexors of the hip, but usually they 
are called the extensors of the knee. The 
group consists of the sartorius, the quadriceps 
femoris, the iliopsoas and the pectineus (Fig. 
731). 


Sartorius Muscle. The sartorius muscle is the 
longest muscle in the body, its fleshy part usu- 
ally measuring over 18 inches in length. It 
arises mainly from the anterosuperior iliac 
spine, then crosses the upper third of the thigh 
obliquely and descends almost vertically to 
the posterior part of the medial side of the 
knee. It passes forward and ends in a thin ten- 
don which is inserted into the upper part of 


816 


fa | a ie 
Adductor 


Magnus rr. 


Jpenings for 


perforating 





Fig. 730. The adductor magnus muscle and its 4 
osseo-aponeurotic openings. 


the medial surface of the tibia. It is superficial 
to the tendons of the gracilis and the semiten- 
dinosus and inserts in front of them (Fig. 750 
B). It flexes, abducts and laterally rotates the 
hip while flexing and medially rotating the 
knee joint. In this way it brings about the posi- 
tion which the tailor assumes at work. It forms 
the lateral boundary of the femoral triangle 
and the roof of the subsartorial (adductor) ca- 
nal of Hunter. 

The subsartorial (adductor) canal of 
Hunter is an intermuscular canal that is situ- 
ated on the medial aspect of the middle third 
of the thigh. It extends from the apex of Scar- 
pa’s triangle to the opening in the adductor 
magnus muscle, which has been referred to 
as the adductor hiatus (hiatus tendineus) (Fig. 
732). It is called Hunter’s canal because it was 
here that John Hunter ligated the femoral ar- 
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Fig. 731. The extensor group of muscles. To iden- 
tify immediately the entire musculature of the 
front of the thigh, the letter “N” can be con- 
structed, using the tensor fasciae latae, the sartorius 
and the gracilis. Three muscles lie above the sarto- 
rius (iliopsoas, pectineus and adductor longus), and 
3 muscles lie below the sartorius (vastus lateralis, 
rectus femoris and vastus medialis). 


tery for popliteal aneurysm. The canal is 
bounded laterally by the vastus medialis; pos- 
teriorly, a floor is formed by the adductor lon- 
gus proximally and the adductor magnus dis- 
tally. The roof of the canal is formed by the 
sartorius muscle with a strong layer of deep 
fascia, which lies under the sartorius. 

This fascia has been called the subsartorial 
fascia (fascia vastoadductoria). It stretches 
from the fascial coverings of the adductors to 
the fascial coverings of the vastus medialis. 
Since the anterior surface of the adductor lon- 
gus and the magnus are covered by the medial 
intermuscular septum, this septum forms the 
floor of the canal. The femoral vessels and the 
saphenous nerve traverse the canal. 


Musculature of the Thigh 








Fig. 732. The subsartiorial (adductor) canal of 
Hunter. 


Before incising the subsartorial fascia in or- 
der to expose the femoral artery, one should 
endeavor to expose a fine subsartorial nerve 
plexus. This lies immediately beneath the sar- 
torius and is formed by branches of the obtura- 
tor, the long saphenous and the internal cuta- 
neous nerves. Once the subsartorial fascia is 
incised, the most superficial structures in the 
canal will be found, namely, the long saphe- 
nous nerve, which crosses the artery from 
without inward and gives off a small twig to 
the subsartorial plexus. 

To the outer side of the long saphenous 
nerve another nerve is found, the nerve to 
the vastus medialis muscle. The femoral artery 
is situated directly beneath the long saphe- 
nous nerve. The artery is separated from the 
floor of Hunter’s canal by the femoral vein. 
The vein is posterior to the artery in the upper 
part of the canal but posterolateral to it in 
the lower part. 
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The adductor longus muscle separates the 
femoral vessels from the profunda vessels (Fig. 
722). The femur and the vastus medialis are 
anterolateral to the femoral artery, and the 
sartorius is anteromedial. Near the lower end 
of the canal the femoral artery gives off the 
descending genicular artery (superior genicu- 
late anastomotica magna). This vessel supplies 
a superficial branch which accompanies the 
saphenous nerve, an articular branch which 
takes part in the anastomosis around the knee 
joint, and muscular branches. 


Quadriceps Femoris Muscle. The quadriceps 
femoris muscle is composed of 4 parts: the 
rectus femoris and the 3 vasti (lateralis, me- 
dialis and intermedius) (Figs. 731 and 733). 
The rectus femoris arises from the ilium, and 
the 3 vasti arise from the shaft of the femur. 
The rectus femoris is placed over the anterior 
aspect of the thigh and is quite distinct from 
the others, except at its insertion. The vasti 
clothe the front and the sides of the shaft of 
the femur and are more or less blended with 
each other; therefore, they are difficult to sep- 
arate. 

Rectus femoris. The rectus femoris is the 
most superficial of the 4 and lies between the 





Fig. 733. The quadriceps femoris muscle. 
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2 vasti; it covers the vastus intermedius. Since 
it is the only portion of the quadriceps which 
arises from the innominate bone, it acts as a 
flexor of the hip joint as well as an extensor 
of the knee. The rectus arises by 2 heads: a 
straight head from the anterior inferior iliac 
spine and a reflected head which arises from 
the impression on the ilium immediately 
above the acetabulum. The latter is under 
cover of the gluteus minimus. The 2 heads 
unite in front of the hip joint, and the muscu- 
lar belly which results passes down in front 
of the thigh and inserts into the common ex- 
tensor tendon. If the gluteus medius and mini- 
mus are displaced backward and the rectus 
femoris forward, the hip joint is exposed. By 
this approach no motor nerves are encoun- 
tered. After being crossed by the sartorius, 
the rectus femoris becomes superficial and 
forms a well-rounded elevation in front of the 
thigh which is seen best when the knee is ex- 
tended. It is safe to dissect along the lateral 
side of the rectus femoris, since its nerve, from 
the femoral, enters its medial side. 

Vastus Lateralis. The vastus lateralis arises 
from the lateral part of the linea aspera and 
from its upward lateral continuation (the glu- 
teal tuberosity), as well as its downward lateral 
continuation (the lateral epicondylar line). 
This muscle is best seen after the rectus fem- 
oris has been severed about its middle and 
dissected upward and downward. It forms the 
greater part of the fleshy muscle mass on the 
lateral side of the thigh and is recognized, 
since its superficial stratum is a glistening apo- 
neurosis. It overlaps the vastus intermedius 
and is partly blended with that muscle. It gains 
attachment to the patella by means of the 
common tendon of insertion. The descending 
branch of the lateral femoral circumflex artery 
is accompanied by the nerve to the vastus 
lateralis. This then is the best guide to the 
anterior border of the muscle. 

Vastus medialis. The vastus medialis is in- 
timately connected with the vastus interme- 
dius, and difficulty may be found in separating 
the two. It originates from the medial lip of 
the linea aspera and from its medial upward 
continuation (the spiral line) and its medial 
downward continuation (the medial epicon- 
dylar line); its lowermost fibers arise from the 
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tendon of the abductor magnus muscle. The 
muscle covers the medial surface of the femur. 
Its lowest fibers, which run almost horizon- 
tally, form the fleshy mass which can be seen 
medial to the upper part of the patella in the 
living. It is inserted into the common tendon 
and into the medial border of the patella and, 
like the vastus lateralis, gives off a fibrous ex- 
pansion to the capsule of the knee joint. 

Vastus intermedius. The vastus interme- 
dius arises from and covers the anterior and 
the lateral surfaces of the shaft of the femur. 
Although the vastus medialis covers the me- 
dial aspect of the femur, no muscle originates 
from this surface; hence, the bone is almost 
bare. It is a large fleshy muscle covered later- 
ally and medially by the vastus lateralis and 
the medialis and is covered above by the rec- 
tus femoris. It is inserted into the deep aspect 
of the common tendon. 

The quadriceps as a whole acts as a powerful 
extensor of the knee joint, but in addition to 
this the rectus femoris part of the quadriceps 
acts as a flexor of the hip joint. 

The articularis genu consists of a few of 
the deepest bundles of the vastus intermedius. 
It arises from the front of the femur and is 
inserted into the synovial membrane of the 
knee. 

Where the common tendon plays across the 
front of the lower end of the femur a sesamoid 
bone (the patella) develops. The portion of 
the tendon distal to the patella is called the 
patellar ligament. The patella does not lie in 
front of the knee joint but rather in front of 
the end of the femur (p. 834). 

It is well to keep the following picture in 
mind, so that the anterior thigh musculature 
may be quickly visualized: 

1. The “N” arrangement in which the sarto- 
rius makes up the oblique line with 3 muscles 
placed above it (iliopsoas, pectineus and ad- 
ductor longus) and 3 muscles below it (vastus 
lateralis, rectus femoris and vastus medialis) 
(Fig. 731). 

2. The adductor brevis is located in the inter- 
val between the pectineus and the adductor 
longus; the adductor magnus is located in the 
interval between the longus and the gracilis; 
the gracilis lies immediately behind and in- 
serts deep to the sartorius (Fig. 721). 


Musculature of the Thigh 


Flexor (Posterior) Group 


The posterior aspect of the thigh derives its 
cutaneous nerve supply in the following way: 
medially, it is supplied by the anterior cutane- 
ous rami of the femoral nerve; posteriorly, by 
the posterior femoral cutaneous nerve; and, 
laterally, by the lateral femoral cutaneous 
nerve (Fig. 734). 

The posterior thigh compartment contains 
the 3 hamstring muscles, namely, the biceps 
femoris muscle, the semitendinosus muscle 
and the semimembranosus muscle (Figs. 735 
and 736). The compartment also contains the 
sciatic nerve and its 2 terminal branches—the 
tibial and the common peroneal. 


Biceps Femoris Muscle. A hamstring muscle 
is one that arises from the ischial tuberosity 
and inserts into one of 2 bones of the leg; it 
is supplied by the tibial division of the sciatic 
nerve. Although it covers the femur, it has 
no attachments to it. The long head of the 
biceps femoris meets these prerequisites, but 
the short head does not; hence, this is an ex- 





Fig. 734. The cutaneous nerve supply of the poste- 
rior aspect of the thigh. 
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ception to the rule. It is interesting also to 
note that the adductor magnus muscle arises 
from the ischial tuberosity, inserts onto the 
tibia and is supplied by the tibial division of 
the sciatic nerve; therefore, it meets the 3 
prerequisites of a hamstring and should be 
considered as such. For convenience sake, 
however, it should be discussed with the ad- 
ductor group. 

Since the short head of the biceps femoris 
does not meet these 3 prerequisites, it is not 
really a hamstring but belongs to the muscle 
plate of the gluteus maximus. It is supplied 
by the peroneal division of the sciatic nerve 
(Fig. 736). 

The long head of the biceps femoris arises 
from the lower and the inner impression of 
the back part of the tuberosity of the ischium 
by means of a tendon common to it and the 
semitendinosus; it also arises from the lower 
part of the sacrotuberous ligament. Its 2 heads 
unite just above the knee joint to form a com- 
mon tendon. As the muscle bundles pass 
downward and medially, they lie on the sur- 
face of the semimembranosus. The common 
tendon inserts into the lateral side of the head 
of the fibula and forms the upper and the lat- 
eral boundaries of the popliteal fossa. The 
common peroneal nerve descends along its 
medial border. In addition to its action as a 
flexor of the knee joint and extensor of the 
hip, it is a lateral rotator. 


Semitendinosus Muscle. The semitendinosus, 
so named for the great length of its tendon 
of insertion, arises from the lower and the me- 
dial impression of the ischial tuberosity by a 
tendon common to it and the long head of 
the biceps femoris. It inserts into the upper 
part of the medial surface of the tibia just be- 
low the gracilis muscle. It is a medial rotator 
of the tibia on the femur. 


Semimembranosus Muscle. The semimem- 
branosus, so named for its membranous ten- 
don of origin, arises by this thick tendon from 
the upper and the outer impression on the 
ischial tuberosity above and lateral to that of 
the biceps femoris and the semitendinosus. 
It passes downward and medially, at first deep 
to the conjoined tendon of the biceps and the 
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semitendinosus, and then is overlapped subse- 
quently by the laterally placed muscles. It in- 
serts on the medial condyle of the tibia. 


Nerves and Vessels. The sciatic nerve leaves 
the pelvis through the greater sciatic foramen, 


passes through the gluteal region and the up- 
per part of the thigh. It ends at about the 
middle of the thigh by dividing into lateral 
and medial popliteal nerves. In the thigh the 
adductor magnus muscle is anterior to the 
nerve, and the long head of the biceps muscle 
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Fig. 736. The deeper structures of the posterior aspect of the thigh. 


crosses behind it from medial to lateral. It 
sends branches to the semitendinosus, the 
semimembranosus, the long head of the bi- 
ceps and the adductor magnus via the medial 
popliteal nerve. The short head of the biceps 


muscle is supplied by the lateral popliteal 
nerve (Fig. 736). 

Perforating branches of the profunda fem- 
oris artery enter the posterior aspect of the 
thigh through openings found in the adductor 
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magnus muscle. These vessels continue poste- 
riorly to supply the vastus lateralis muscle and 
the hamstrings. The first perforating artery 
enters into the “crucial anastomosis,” and the 
3rd and the 4th perforating vessels anasto- 
mose with muscular rami from the popliteal 
artery. 


Femur 


The femur or the thigh bone is the longest, 
the largest and the heaviest bone in the body, 
being about a quarter of the entire height of 
the individual. The femur is more liable to 
inequality than is the tibia or the fibula; hence, 
the relative length of the lower limb is equal 
in only 10 percent of individuals. The mea- 
surements of the length of the femur are taken 
from the anterosuperior iliac spine to either 
the adductor tubercle or the lower limits of 
the medial condyle (joint line) (Fig. 737). The 
upper border of the patella also has been used 
as a distal point in measuring this length; but, 
since it is movable, it is not as accurate as 
the other two. The bone consists of proximal 
and distal ends and a shaft (Figs. 738 and 739). 
The distal end is larger and close to its fellow 
femur, but the proximal ends are separated 
by the width of the pelvis. The shaft is thinnest 
in the middle and enlarges toward the ends, 
especially distally. 


Proximal End 


The proximal end consists of a head, a neck, 
the greater and the lesser trochanters, the tro- 
chanteric fossa, the trochanteric line, the tro- 
chanteric crest and the quadrate tubercle. 


Head. The rounded head forms two thirds of 
a sphere, which is directed medially, upward 
and forward and is gripped firmly by the lab- 
rum acetabulare beyond its maximum diame- 
ter. Therefore, it is much more secure in its 
socket than is the head of the humerus, which 
forms only one third of a sphere. In the erect 
posture the upper aspect of the head is 
pressed against the iliac part of the acetabular 
articular surface. The head is covered with 
hyaline cartilage and presents a depression or 
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femur. 


pit which gives attachment of the ligament 
of the head (ligamentum teres); this depres- 
sion is located a little below and behind the 
central point. 


Neck. The neck of the femur, about 1% 
inches long, is triangular in shape; its apex 
supports the head of the femur, and its base 
becomes continuous with the shaft. It is placed 
obliquely and unites the head to the shaft and 
the trochanters. It thickens toward each end, 
especially the shaft end, which it joins at an 
angle of about 125° in the adult, but is more 
obtuse in the child. This angle is known as 
the “vertical neck-shaft angle.” Since the neck 
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Fig. 738. The femur seen from in front. Muscle origins are shown in red; insertions, in blue. 


of the femur is directed upward, inward and 
forward, another angulation results which is 
forward and is known as the “declination an- 
gle”; it is normally of about 12°. Any alteration 
of these angles results in deformity and dis- 
ability. In reality, the neck of the femur is the 
medially curved upper extremity of the shaft, 


but the presence of the greater trochanter 
hides this. It is separated from the shaft by 
the trochanteric line in front and the trochan- 
teric crest behind. 

Trochanteric line. The trochanteric line 
presents a roughened edge produced by the 
attachment of the powerful iliofemoral liga- 
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ment. Its upper end is at the front of the 
greater trochanter, and its lower end is contin- 
uous with a faint ridge called the spiral line, 
which winds around the lesser trochanter to 
the back of the shaft. 

Trochanteric crest. The trochanteric crest 
crosses the posterior aspect of the bone and 


continues into the lesser trochanter below. A 
small rounded tubercle (quadrate) about its 
middle gives insertion to the quadratus fem- 
oris muscle. 

Trochanteric fossa. The trochanteric fossa 
is small and is located at the junction of the 
posterior part of the neck and the medial side 
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of the great trochanter; the obturator externus 
muscle inserts here. 

Greater trochanter. The greater trochanter 
is a fixed process which lies in line with the 
lateral aspect of the shaft and can be felt 
through the skin about one hand’s breadth 
below the iliac crest. The muscles attached 
to it produce the rotatory movements of the 
thigh. It should be looked upon as the traction 
epiphysis of the gluteus medius and minimus 
as well as the piriformis, the obturator inter- 
nus and externus, and the gemelli. When the 
gluteus medius contracts it draws this trochan- 
ter upward, medially and backward. Its upper 
and posterior borders are free, and its highest 
point is located at its posterosuperior angle. 
The anterior and the lateral aspects of this 
trochanter would be continuous with the cor- 
responding aspects of the shaft except for the 
presence of a rough line which marks the site 
of fusion of the trochanter and the shaft. If 
a chisel is driven along the upper border of 
the femoral neck it would remove the greater 
trochanter approximately at this rough fusion 
line. 

Lesser trochanter. The lesser trochanter is 
a blunt-shaped pyramidal process which is di- 
rected backward and medially from the junc- 
tion of the lower and the posterior part of 
the neck of the femur with the shaft; it is not 
palpable. It gives attachment to the tendon 
of the iliopsoas and has been considered the 
traction epiphysis for that structure. 

Quadrate tubercle. The quadrate tubercle 
is an ill-defined protrusion which is situated 
about the center of the trochanteric crest; it 
gives insertion to the quadratus femoris mus- 
cle. 

Epiphyseal line. The epiphyseal line of the 
femoral head corresponds to its articular mar- 
gin (Fig. 740). Anteriorly, the capsule is at- 
tached to the spiral line; therefore, the whole 
neck is intracapsular. Posteriorly, the capsule 
is attached about a finger’s breadth medial 
to the intertrochanteric crest, the neck being 
partly intracapsular and partly extracapsular. 
The metaphysis is entirely intracapsular. Since 
the site of election for the occurrence of bone 
disease, especially in the young, is in the meta- 
physis, if the metaphysis is inside the joint cap- 
sule the disease is likely to invade the joint. 








Fig. 740. The femoral epiphyseal lines. 


On the other hand, if the disease is primarily 
in the joint it may affect the shaft of a bone, 
if the metaphysis is partly within the affected 
joint. 


Distal End 


The distal end of the femur reveals lateral 
and medial condyles and epicondyles, a patel- 
lar surface, the intercondylar notch and line, 
the adductor tubercle and the pit and the 
groove for the popliteus muscle. 


Condyles. The condyles make up nearly the 
entire distal end and give it an irregular cuboi- 
dal shape. They coalesce in front but are sepa- 
rated behind by the deep intercondylar notch. 
The top of the tibia and the semilunar carti- 
lages of the knee joint articulate with the pos- 
terior surfaces of the condyles when the knee 
is bent, but with their inferior surfaces when 
the knee is straight. 

The lateral condyle is broader than the me- 
dial. The lateral epicondyle is the eminence 
which is situated on the posterior part of the 
lateral surface of the lateral condyle. A pit 
for the origin of the popliteus muscle is below 
this epicondyle. The groove for the tendon 
of the popliteus muscle passes upward and 
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backward from this pit close to the articular 
margin. 

The medial condyle is farther from the side 
of the shaft than is the lateral. It is narrower 
and more curved. When the shaft is held verti- 
cally it projects to a lower level than the lat- 
eral, but in the natural oblique position of the 
bone the lower surfaces of both condyles are 
in the same plane. Immediately behind and 
above its center its rough medial surface pre- 
sents the medial epicondyle to which the me- 
dial ligament of the knee is attached. Immedi- 
ately above this is the adductor tubercle for 
the insertion of the strong tendon of the ad- 
ductor magnus. 

The intercondylar notch is bounded by the 
opposed surfaces of the condyles and sepa- 
rates them behind and below. This notch is 
occupied by the cruciate ligament. Its floor 
slopes upward and backward to a horizontal 
ridge called the intercondylar line, which sep- 
arates it from the popliteal surface of the shaft. 


Patellar (Trochlear) Surface. The patellar 
(trochlear) surface is convex from above 
downward and concave from side to side; it 
is situated on the anterior aspect of the lower 
extremity and extends farther upward on the 
lateral condyle than on the medial. It is sepa- 
rated from the articular surfaces of the tibia 
by grooves on either side in which the semilu- 
nar cartilages of the knee rest when the joint 
is fully extended. The patella articulates with 
it when the knee is straight but is drawn off 
when the knee is bent; in the latter position 
its margin can be felt through the tendon of 
the quadriceps. 

The sides of the condyles and the adductor 
tubercles are felt quite easily in the living per- 
son. 


Epiphysis at the Lower End of the Fe- 
mur. The epiphysis at the lower end of the 
femur is represented by an irregular horizon- 
tal line at the level of the upper limit of the 
articular surface in front and behind, which 
crosses the middle of the adductor tubercle 
(Fig. 740). The capsule may be outlined poste- 
riorly to the articular margin, and laterally 
and medially about 2 inches proximal to the 
articular margin. Therefore, the metaphysis 
is intracapsular only in front. 
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Shaft 


The shaft or body of the femur is bowed 
slightly forward; its middle two thirds are cir- 
cular on cross section, but its upper and lower 
extremities are oblong, the lower border be- 
ing the larger. In the erect posture the shaft 
is oblique, since the distal ends of the femora 
are in contact with each other; but the proxi- 
mal ends are separated by the pelvis and by 
the necks of the femora. Each shaft in its mid- 
dle third reveals anterior, medial and lateral 
surfaces which are separated by rather ill-de- 
fined lateral and medial borders; a well- 
marked posterior border known as the linea 
aspera is easily discernible. 


Linea Aspera. The linea aspera is a broad 
rough line that stands out boldly from the back 
of the middle two thirds of the femoral shaft. 
It bifurcates both above and below into diver- 
gent lines. The upper lines are the spiral line 
and the gluteal tuberosity; the lower ones are 
the medial and the lateral epicondylar lines. 


Spiral Line. The spiral line passes upward 
and medially and becomes continuous with 
the trochanteric line. 


Gluteal Tuberosity. The gluteal tuberosity 
ascends to the side of the greater trochanter 
where it becomes continuous with the epiphy- 
seal line. The lesser trochanter projects from 
a triangle bounded by these two lines. 


Medial and Lateral Epicondylar Lines. The 
medial and the lateral epicondylar lines de- 
scend from the linea aspera to the epicondyle 
and give rise to the boundary of a flat triangu- 
lar area which is limited below by the inter- 
condylar line. This area is known as the popli- 
teal surface. The medial epicondylar line 
turns abruptly so that the adductor tubercle, 
which is placed about % inch above the me- 
dial epicondyle, is easily palpable. The medial 
aspect of the shaft is devoid of muscular at- 
tachments. 


Attachments to the Femur. The attachments 
to the femur are shown in Figures 738 and 
739. They are as follows: 


To the head: the ligamentum teres. 
To the neck: the capsule of the hip joint. 
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To the trochanteric line: the iliofemoral lig- 
ament, the vastus lateralis and the me- 
dialis. 

To the trochanteric fossa: the obturator ex- 
ternus. 

To the greater trochanter: to the medial sur- 
face the obturator internus, the gemelli and 
the piriformis; to the upper border the piri- 
formis; to the anterior surface the gluteus 
medius. 

To the quadrate tubercle: the quadratus 
femoris. 

To the lesser trochanter: the iliopsoas. 

To the gluteal tuberosity: the gluteus maxi- 
mus and the vastus lateralis. 

To the spiral line: the vastus medialis. 

To the area between the gluteal tuberosity 
and the spiral line from lateral to medial: 
the adductor magnus, the adductor brevis, 
the pectineus and the iliopsoas. 

To the linea aspera, lateral to medial: the 
vastus lateralis and the intermedius from 
the lateral lip, the lateral intermuscular sep- 
tum and the short head of the biceps. From 
the medial lip, the adductor magnus, the 
brevis and the longus: the medial intermus- 
cular septum and the vastus medialis. 
From the lateral supracondylar line: the 
vastus intermedius, the lateral septum, the 
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short head of the biceps, the plantaris and 
the lateral head of the gastrocnemius. 
From the medial supracondylar line: the 
adductor magnus, the medial septum, the 
vastus medialis, and the medial head of the 
gastrocnemius. 

From the shaft (anterior and lateral sur- 
faces): the vastus intermedius and the ar- 
ticularis genu. 

From the lateral condyle: the anterior cru- 
ciate ligament of the knee, the popliteus, 
and the lateral ligaments of the knee. 
From the medial condyle: the posterior cru- 
ciate ligament, and the medial ligament of 
the knee. (The fascia lata attaches to both 
condyles.) 


Surgical Considerations 


Femoral Vein Ligation and 
Thrombectomy 


This operation is done as a prevention for pul- 
monary embolism. If pulmonary emboli occur 
in patients receiving adequate anticoagulant 
therapy or in patients for whom such therapy 
is contraindicated, some authorities advocate 
interruption of the veins of the lower extremi- 
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741. Ligation of the superficial femoral vein: (A) incision and exposure; (B) removal of thrombus 


action; (C) ligation and division. 
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ties. A skin incision is made along the course 
of the pulsating femoral artery on the in- 
volved side (Fig. 741 A). The artery overlies 
the vein in this region, and when the former 
is retracted laterally the superficial femoral 
vein is exposed. After identifying the deep 
femoral vein, the superficial femoral vein is 
incised, and the thrombus is removed; then 
it is ligated and divided (Figs. 741 B and 
741 C). 


Approach to the Lesser Trochanter of 
the Femur 


Exposure of the lesser trochanter of the femur 
is accomplished through an incision which ex- 
tends from the upper end of the trochanter 
midway between it and the midsacral line 
downward for about 2 or 3 inches (Fig. 742). 
This incision is deepened through the thick- 
ened fatty layer until the deep fascia is ex- 
posed. The gluteus maximus is incised in its 
thickened portion. The sciatic nerve is re- 
tracted medially, and the quadratus femoris 
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Fig. 744. The posterior approach to the shaft of 
the femur. 
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muscle is either divided or retracted upward. 
The iliopsoas tendon can be stripped off of 
the lesser trochanter, and this will result in 
an excellent view of the latter. 


Approaches to the Shaft of the Femur 


The shaft of the femur may be surgically ap- 
proached anteriorly, posteriorly, laterally or 
medially. 


Anterior Approach. The anterior approach is 
accomplished through an incision which is 
made over the greater extent of the femoral 
shaft in a line situated between the anterosu- 
perior iliac spine and the middle of the patella 
(Fig. 743). The rectus femoris and the vastus 
lateralis are separated along the intermuscular 
septum. The vastus intermedius is incised in 
the line of its fibers until the femur is reached. 
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Fig. 745. The lateral approach to the shaft of the 
femur. 
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Subperiosteal dissection exposes the anterior 
and the lateral aspects of the femur. 


Posterior Approach. The posterior approach 
is accomplished through a long incision which 
is placed over the posterior aspect of the thigh 
in the line of the shaft of the femur (Fig. 744). 
The posterior femoral cutaneous nerve should 
be avoided. The long head of the biceps fem- 
oris muscle with the posterior femoral cutane- 
ous nerve is retracted laterally; the semimem- 
branosus and the semitendinosus muscles are 
retracted medially. The sciatic nerve and the 
popliteal artery and vein are now identified. 
The sciatic nerve is retracted laterally and the 
popliteal vessels medially so that the adductor 
magnus muscle and the short head of the bi- 
ceps femoris muscle can be stripped subperi- 
osteally from the femur; it is necessary to li- 
gate the perforating arteries to accomplish 
this. The posterior two thirds of the lower as- 
pect of the femoral shaft is thereby exposed. 


Lateral Approach. The lateral approach 
commences with a longitudinal skin incision 
which is placed along a line extending from 
the greater trochanter to the external femoral 





Fig. 746. Cross sections of the lateral and the me- 
dial approaches to the shaft of the femur: (A) in 
the upper third; (B) in the lower third. 
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Fig. 747. The medial approach to the lower end of the shaft of the femur. 


condyle (Figs. 745 and 746). The iliotibial 
tract, the vastus lateralis and the vastus inter- 
medius muscles are divided in the direction 
of their fibers. The exposed periosteum is in- 
cised longitudinally, freed anteriorly and pos- 
teriorly, thereby exposing the lateral aspect 
of the shaft of the femur. 


Medial Approach. The medial approach for 
exposure of the lower half of the femoral shaft 
begins with a skin incision which is placed 
along the adductor tendon and extends well 
above and below the adductor tubercle (Fig. 


747). The deep fascia is freed, and one at- 
tempts to avoid entering the synovial mem- 
brane of the knee joint. The sartorius muscle 
is retracted posteriorly, and the tendon of the 
adductor magnus muscle is identified. The 
saphenous nerve is protected as it courses 
along the undersurface of the sartorius mus- 
cle. The large neurovascular bundle is re- 
tracted posteriorly. The adductor magnus ten- 
don and the vastus medialis muscle are 
retracted anteriorly. At this point the poste- 
rior surface of the femur, as it lies in the popli- 
teal space, is exposed. 


SECTION 9 INFERIOR EXTREMITY 


Chapter 45 


Knee 


The region that constitutes the knee is 
bounded above by an imaginary line drawn 
around the thigh at a level of approximately 
3 inches above the base of the patella. The 
inferior extent of the knee is at the tibial tu- 
berosity. 


Popliteal (Posterior) Region 


This region corresponds to the posterior as- 
pect of the knee (Fig. 748). The popliteal fossa 
or space is lozenge-shaped and has a floor, a 
roof and lateral boundaries. It consists of an 
upper (femoral) and a lower (tibial) triangle. 

The roof of the space is formed by the 
deep fascia, which is composed of circularly 
arranged fibers acting as a restraining or reti- 
nacular ligament for the hamstrings. It is 
pierced near its center by the small saphenous 
vein which passes between the 2 heads of the 
gastrocnemius muscle; deep to it is the cutane- 
ous branch of the medial popliteal nerve (tib- 
ial). A transverse incision made through this 
deep fascia will require little or no suturing, 
since it approximates itself; however, a longi- 
tudinal incision will gape. 

The floor of the fossa is formed by the lower 
end of the femur, the posterior part of the 
capsule of the knee joint and the popliteus 
muscle with its strong fascia. 

The popliteus fascia is an expansion from 
the tendon of the semimembranosus muscle, 
which passes downward and outward and cov- 
ers the popliteus muscle (Figs. 748 C and 748 
B, 751 C). It attaches to the popliteal line of 


the tibia. The popliteal vessels lie on it and 
end at its lower border. The popliteus muscle 
arises within the capsule of the knee joint from 
the lateral aspect of the lateral condyle of the 
femur and is inserted into the posterior aspect 
of the tibia above the popliteal (soleal) line. 
Its tendon of origin passes downward and 
backward, separating the lateral semilunar 
cartilage from the lateral ligament of the joint. 
It emerges through the inferolateral aspect 
of the posterior part of the capsular ligament. 
It is a flexor of the leg and also acts as a medial 
rotator of the tibia when the knee is flexed. 
The medial (tibial) popliteal nerve supplies it. 

The femoral (upper) triangle has the semi- 
membranosus, overlaid by the semitendinosus 
on its medial side and the biceps femoris mus- 
cle on its lateral side (Fig. 748 B). 

The tibial (lower) triangle is smaller, and 
its sides are formed by the 2 heads of the gas- 
trocnemius muscle, together with the very 
variable plantaris muscle which lies laterally. 


Nerves and Vessels 


The contents of the popliteal fossa are ar- 
ranged mainly as nerve, vein and artery: 

1. The lateral and the medial popliteal nerves 
and their branches. 

2. The popliteal vein and its tributaries. 

3. The popliteal artery and its branches. 

4. The posterior cutaneous nerve. 

5. Fat and lymph glands. 


Popliteal Nerves. The tibial and the common 
peroneal nerves are the terminal branches of 
the sciatic nerve. 
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Fig. 748. The popliteal fossa: (A) the contents; (B) the upper and the lower triangles; (C) the deeper 


structures. 


The tibial (internal or medial popliteal) 
nerve enters the fossa at the upper angle lat- 
eral to the popliteal vessels, runs a straight 
course to the lower angle of the space and 
is superficial to the vessels. It lies immediately 
beneath the deep fascia. In its course through 
the space it crosses superficial to the vessels 
from lateral to medial. It supplies the muscles 
of the space, namely, the lateral and the me- 
dial heads of the gastrocnemius, the soleus, 
the plantaris and the popliteus. Only one of 


these, the medial head of the gastrocnemius, 
lies medial to the nerve. Because of this ana- 
tomic fact it is safer to dissect on the medial 
side where the nerve has only one branch. 

The sural nerve is a cutaneous branch 
which arises from the tibial nerve and de- 
scends on the surface of the gastrocnemius 
muscle. It supplies small branches to the 
integument of the calf and the back of the 
leg, and in the lower third is joined by the 
sural communicating branch from the lateral 


Popliteal (Posterior) Region 


(common peroneal) popliteal nerve (Fig. 748 
B). The sural nerve travels in company with 
the short saphenous vein. Three small articu- 
lar branches usually are present; they supply 
the knee joint. The close relationship between 
the tibial nerve and the popliteal vessels ex- 
plains nerve involvement and pain in popli- 
teal aneurysm. 

The common peroneal (lateral or external 
popliteal) nerve generally separates from the 
sciatic at about the middle of the thigh, enters 
the popliteal fossa from the lateral side and 
passes downward and laterally, closely associ- 
ated with and appearing from behind the bi- 
ceps femoris. It follows the biceps tendon to 
its insertion and leaves the popliteal fossa be- 
tween that tendon and the lateral head of the 
gastrocnemius. This relationship is important 
and must be kept in mind when a biceps te- 
notomy is contemplated. The nerve continues 
downward behind the head of the fibula and 
winds around the lateral aspect of the fibular 
neck to pierce the origin of the peroneus lon- 
gus muscle. It ends by dividing into the super- 
ficial (musculocutaneous) and the deep (ante- 
rior tibial) peroneal nerves. The common 
peroneal nerve gives off no muscular branches 
but does give a lateral cutaneous nerve of the 
calf (lateral sural), a sural communicating 
nerve (anastomotic peroneal) and usually 3 
genicular branches which accompany the 
genicular vessels and supply the ligaments and 
the synovial membranes of the knee joint. 


Popliteal Vessels. The popliteal vein is 
formed by the junction of the anterior and 
the posterior tibial veins at the lower border 
of the popliteus muscle (Fig. 751 A). It ascends 
through the popliteal space to the aperture 
in the adductor magnus muscle, where it be- 
comes the femoral vein. In its trip through 
this space it lies superficial to the artery but 
crosses it from medial to lateral. The popliteal 
vein and artery are bound together by a fascial 
tube similar to the arrangement in the region 
of the femoral artery and vein; hence, neither 
can be displaced without interfering with the 
other. 

The small saphenous vein (parva) passes 
over the calf of the leg superficial to the en- 
veloping fascia but pierces the deep fascia in 
the lower part of the popliteal space. It divides 
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into 2 branches: one enters the popliteal vein, 
and the other communicates with the great 
saphenous vein. 

The popliteal artery is the continuation of 
the femoral artery; it commences at the open- 
ing in the adductor magnus. It passes down- 
ward between the condyles of the femur and 
leaves the fossa at its distal angle to end at 
the distal border of the popliteus muscle 
where it divides into the anterior and the pos- 
terior tibial arteries (Fig. 749). It appears to 
run laterally as well as downward because of 
the inclination of the long axis of the femur. 
In addition to its terminal branches, the artery 
gives 3 paired branches which arise at differ- 
ent levels. They are: 

1. The superior genicular arteries (lateral and 
medial), which originate at the level of the 
femoral condyle and wind around the femur 
proximal to these condyles. They are in close 
contact with the bone and anastomose anteri- 
orly (Fig. 749). 

2. The middle genicular arteries enter the 
knee joint through the posterior ligament and 
are chiefly muscular and articular, being dis- 
tributed to the gastrocnemii and the intracap- 
sular structures. 

3. The inferior genicular arteries (lateral and 
medial) wind around the front of the knee 
and pass under cover of the tibial and the 
fibular collateral ligaments. They anastomose 
with each other deep to the patellar ligament; 
they take place also in the anastomosis around 
the knee joint. Since no branches are given 
off in the upper part of the popliteal artery, 
this portion is most accessible for ligation. 

The anterior (deep) relations of the artery 
are, the popliteal surface of the femur, the 
oblique posterior ligament of the knee joint, 
and the popliteus muscle covered by its fascia. 
A rather thick fat pad separates the artery 
from the femur, but the vessel lies in direct 
contact with the oblique posterior ligament 
of the knee joint. Posteriorly, the artery is sep- 
arated from the fascial roof of the popliteal 
space by its accompanying veins and the me- 
dial popliteal nerve. 

The lymph glands of the popliteal space 
lie under the deep fascia. They receive the 
lymph from the skin of the outer side of the 
leg and the foot, and from the deep structures 
of the foot via the lymph vessels which accom- 
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Fig. 749. The anastomosis around the knee joint. 


pany the anterior and the posterior tibial ves- 
sels. They also receive lymph from the knee 
joint. All the efferent vessels from the glands 
pass with the popliteal vein and then with 
the femoral vein to the deep inguinal lymph 
glands. It should be noted that the correspond- 
ing glands in the upper limb, namely, the su- 
pratrochlear, lie superficial to the deep fascia. 

A rich vascular anastomosis exists around 
and above the patella and on the ends of the 
femur and the tibia in the region of the knee 
joint (Fig. 749). The arteries that take part 
in this anastomosis are the 2 lateral and the 
medial genicular branches of the popliteal, the 
descending branch of the lateral femoral cir- 
cumflex artery and the anterior recurrent 
tibial artery. Superficially, these vessels are 
distributed between the fascia and the skin; 
the deeper vessels lie on the lower end of the 
femur and the upper end of the tibia, supply- 
ing the soft tissues around these structures and 
sending branches into the interior of the knee 
joint. 


Knee Joints 


The knee joints constitute a synovial joint of 
the hinged variety. It is the largest and the 
most complicated joint in the body (Figs. 750, 


751 and 752). Three bones take part in it: the 
femur, the tibia and the patella. In the human 
the fibula is entirely excluded from it. Origi- 
nally, in primitive life there were 3 joint cavi- 
ties in this location, which now have merged 
into one. One is situated between the medial 
condyle of the femur and the tibia, one be- 
tween the lateral condyle of the femur and 
the tibia, and one between the patella and 
the femur. These may be referred to as the 
medial and the lateral condylar articulations 
and the patellar articulation. The condylar ar- 
ticulations are subdivided further into upper 
and lower parts by the medial and the lateral 
menisci (semilunar fibrocartilages). 

In all positions of this joint the patella is 
in contact with the femur, and the femur with 
the tibia. These bones do not interlock, and 
their areas of contact are large; the ligaments 
and the surrounding muscles are strong. 
Therefore, dislocation of this joint is uncom- 
mon. 


Patella 


The patella is a small sesamoid bone in the 
tendon of the quadriceps femoris. It is roughly 
triangular in shape, the inferior angle repre- 
sents the apex, and the upper border repre- 
sents the base. The lateral and the medial bor- 
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Fig. 750. The knee joint: (A) the knee joint opened and seen from in front. (B) seen from the medial 
side; (C) the arrow shows the relations between the septum and the perforation. 


ders are rounded. Its anterior surface is easily 
felt through the skin, from which it is partly 
separated by the subcutaneous prepatellar 
bursa. The femoral articular surface is divided 
by a vertical ridge into a larger lateral and a 
smaller medial area. Below the articular sur- 
face the bone is roughened and is nonarticu- 
lar, and the lower half of this area covers the 
posterior aspect of the apex. This bone usually 
begins to ossify between the 3rd and the 5th 
years, and the process is usually completed 
by puberty. 

If one stands erect with the feet together 
and the toes pointed forward (the anatomic 
position), it will be noted that the ball of the 
big toes, the medial malleoli and the knees 
of the two sides touch each other; the tibiae 
are parallel but the femora are not. The latter 
are set obliquely; although in contact at the 
knee joint, they are separated above by the 
width of the pelvis. The rectus femoris and 
the vastus intermedius are attached to the up- 
per border (base) of the patella; when they 


contract they pull obliquely upward. The vas- 
tus medialis and the vastus lateralis are contin- 
uous with each other at their patellar attach- 
ments and occupy the space between the 
rectus femoris and the vastus intermedius. 
The vastus medialis is attached to the upper 
two thirds of the medial border of the patella 
and only slightly to its upper border; the vas- 
tus lateralis is attached to the whole length 
of the upper border and only slightly to the 
lateral border. The vastus medialis draws the 
patella medially, and the vastus lateralis pulls 
it upward but not laterally. A transverse inci- 
sion above the patella will incise successively 
the skin, the fat, the fascia lata, the rectus ten- 
don, the tendons of the vasti lateralis and the 
medialis, the tendon of the vastus interme- 
dius, and the synovial joint capsule. If the 
quadriceps is relaxed, as when the heel is 
placed on a chair, the patella may be moved 
medially and laterally, and the posterior artic- 
ular surface may be palpated. As the position 
is changed from extension to one of flexion, 
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Fig. 751. The right knee joint showing the ligaments, the capsule, the synovial membrane and the 
relations. The capsule is colored green; the synovial membrane, blue. 


one can feel the patella glide laterally onto 
the under aspect of the lateral condyle of the 
femur, thus leaving the trochlea and the en- 
tire under aspect of the medial femoral con- 
dyle exposed, except for a tiny strip which 
bounds the medial border of the intercondylar 
notch. This tiny strip articulates with a vertical 
facet on the medial part of the posterior sur- 
face of the patella. 


Ligaments and Cartilages 


Like other movable joints, the knee has a fi- 
brous as well as a synovial capsule. 


Capsular Ligament. The capsular ligament 
is thin, wide and membranous at the back but 
thicker and shorter at the sides. It is absent 
in front, where it is replaced by the patella, 
the ligamentum patellae below the patella, 
and the tendon of the quadriceps above it. 

The femoral attachments of the capsular 
ligament are to the sides of the condyles about 
4 inch from the articular margin, to the back 
of the femur along the inter condylar line and 
immediately above the articular margin of the 
condyles. 

Its tibial attachments are to the posterior 
surfaces and the sides of the condyles about 
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Fig. 752. The ligaments and the cartilages of the right knee joint. 


⁄4 inch below the articular margin; also to 
the anterior surfaces of the condyles along the 
oblique lines that begin near the articular 
margins of the sides and pass to the sides of 
the tubercle of the tibia. 

The capsule is strengthened by expansions 
from surrounding muscles, which for the most 
part are closely attached to it. However, on 
the anterolateral aspect there is a definite in- 
terval which is occupied by fat, vessels and 
nerves. The heads of the gastrocnemius and 
the plantaris overlie the posterior part of the 
capsule opposite the femoral condyles. The 


medial head is separated from it by a bursa; 
the lateral head and the plantaris are partly 
attached to it; the popliteus, after it emerges 
through the capsule, derives some fleshy fibers 
of origin from it. At the back of the medial 
femoral condyle there is usually a hole in the 
ligament through which the synovial mem- 
brane becomes continuous with the bursa un- 
der the medial head of the gastrocnemius (Fig. 
750 C). The tendon of the popliteus perforates 
the capsular ligament opposite the lateral con- 
dyle of the tibia. The ligament is also perfo- 
rated by articular vessels and nerves. The cap- 
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sule is overlaid by and incorporated with the 
tendinous expansions of the lateral and the 
medial vasti (Fig. 751). 


Patellar Ligament. The patellar ligament (li- 
gamentum patellae) is a strong fixed band 
about 3 inches long and 1 inch wide. It is at- 
tached above to the lower border of the patella 
and below to the tubercle of the tibia; this 
attachment extends about % inch farther 
down on the inner side (Fig. 753 A). The liga- 
ment constitutes the insertion of the quadri- 
ceps extensor into the tibia. It is separated 
from the skin by a bursa. Its superficial fibers 
are directly continuous over the patellar sur- 
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face with the central part of the common ten- 
don of the quadriceps femoris; the deep sur- 
face is separated from the synovial membrane 
by loose fatty tissue called the infrapatellar 
pad of fat (Fig. 750). A bursa also separates 
it from the upper part of the tibia. This bursa 
is crescentic and, when enlarged or inflamed, 
has extensions which pass upward along the 
sides of the ligament. 


Lateral Ligament of the Knee. The lateral 
ligament of the knee (fibular collateral liga- 
ment) is a rounded cordlike band which is 
approximately 2 inches long. It extends from 
the lateral epicondyle of the femur above to 
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Fig. 753. The 12 bursae around the knee joint: (A) lateral view of the right knee joint; (B) posterior 


view. 
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the head of the fibula below (Figs. 751 and 
752). Although its upper part is fused with 
the underlying part of the capsule, most of 
it is separated from the capsule by fatty tissue 
in which the inferior lateral geniculate vessels 
and nerves run. As the ligament crosses the 
lateral aspect of the knee joint the tendon of 
the popliteus muscle intervenes between it 
and the lateral semilunar cartilage (meniscus). 
The biceps tendon which is superficial to the 
lower part of the ligament is split in two by 
it. 


Medial Ligament of the Knee. The medial 
ligament of the knee (tibial collateral liga- 
ment) is broad and straplike and, unlike the 
lateral, is closely applied to the bone. It ex- 
tends from the medial epicondyle of the fe- 
mur above to the upper fourth of the shaft 
of the tibia below. Opposite the interval be- 
tween the femur and the tibia it is closely 
fused with the capsular ligament (Fig. 751 A). 
It is attached to the medial meniscus. Three 
tendons cross it: those of the sartorius, the 
gracilis and the semitendinosus (Fig. 751 B). 
A bursa separates these from the ligament. 
The tendon of the semimembranosus extends 
forward and under the ligament to gain its in- 
sertion into the medial condyle of the tibia. 

The 2 collateral ligaments are strong struc- 
tures and prevent lateral movements at the 
knee joint. If they are stretched or torn, the 
integrity of the joint usually is lost. 


Three Ligamentous Extensions of the Semi- 
membranosus. The 3 ligamentous extensions 
of the semimembranosus are: the oblique pop- 
liteal ligament, the popliteus fascia and the 
deep fascia of the inner side of the leg. 

The oblique popliteal ligament (oblique 
posterior ligament) strengthens the capsule 
posteriorly (Fig. 751 D). It passes upward and 
outward from the semimembranosus tendon 
and blends with the capsule. The popliteal 
vessels lie upon it; it is perforated by the azy- 
gos geniculate artery. The popliteus fascia is 
the second expansion from this tendon and 
passes downward and outward to cover the 
popliteus muscle. It gains attachment to the 
popliteal line of the tibia. The popliteal vessels 
lie upon it and end at its lower border. The 
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third expansion continues as the deep fascia 
of the inner side of the leg. 


Cruciate Ligaments of the Knee. The cruciate 
ligaments of the knee are 2 powerful cordlike 
structures which are so named because they 
cross each other like the limbs of the letter 
“X” (Figs. 750, 751 and 752). The crucial ar- 
rangement is seen, whether viewed from the 
front, the sides or the back. These ligaments 
have been designed to prevent forward and 
backward displacements of the tibia on the 
femur. It requires great violence to tear one 
of them, but, when torn, great disability is 
caused by the forward and backward gliding 
of the tibia upon the femur. These ligaments 
are covered in front and at the sides by syno- 
vial membrane and are related posteriorly to 
the capsular ligament from which they are 
separated by fat. 

The anterior cruciate ligament extends up- 
ward, backward and laterally from the ante- 
rior part of the intercondylar area of the tibia 
to the posterior part of the medial surface of 
the lateral condyle of the femur. It is tense 
in extension and prevents backward sliding 
of the femur and forward displacement of the 
tibia. When the knee is flexed its 2 points of 
attachment are approximated, and the liga- 
ment is relaxed. It prevents hyperextension 
of the knee joint. 

The posterior cruciate ligament is tense in 
flexion; it passes upward, forward and medi- 
ally from the posterior part of the intercondy- 
lar area to the anterior part of the lateral sur- 
face of the medial condyle of the femur. It 
prevents forward gliding of the femur and 
backward displacement of the tibia during 
flexion. The anterior ligament passes back- 
ward and outward, but the posterior passes 
inward and forward. When the knee joint is 
opened from the inner side, the posterior cru- 
ciate ligament is seen first. 


Semilunar Cartilages. The semilunar carti- 
lages (menisci) are 2 crescentic plates of fibro- 
cartilage which lie on the circumferential por- 
tion of the articular surfaces of the tibia (Fig. 
750, 751 and 752). They deepen these areas 
for the reception of the condyles of the femur; 
since they are elastic, they act as buffers which 
diminish shocks passing up the limbs. Their 
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distal surfaces are flat, but the proximal are 
concave for reception of the femoral condyles. 
In the fetus, both surfaces of the menisci are 
covered with synovial membrane, which 
helps to attach their peripheral margins to the 
tibia; but, as the result of continued pressure, 
they are devoid of this synovial covering in 
the adult. Each cartilage has 2 fibrous extremi- 
ties, which are called horns; these are attached 
to the intercondylar area on the proximal sur- 
face of the tibia. The cartilages are thick to- 
ward the circumference of the joint; the lat- 
eral cartilage is a little thicker than the medial. 
Both thin out toward the center where they 
end as a fine, free, concave edge. They do 
not cover the entire extent of the condylar 
surfaces of the tibia. 

Lateral semilunar cartilage. The lateral 
semilunar cartilage is nearly circular in out- 
line, and its horns are fixed to the tibia close 
together. The anterior horn attaches to the 
front of the intercondylar eminence behind 
the anterior cruciate ligament with which it 
blends. The posterior horn attaches to the 
back of the intercondylar eminence and in 
front of the posterior end of the medial carti- 
lage. The peripheral margin is adherent to 
the capsular ligament but to a lesser extent 
than the medial cartilage; this is due to the 
fact that the popliteus tendon and its bursal 
sheath separate part of the margin from the 
capsule. As a result of the presence of this 
popliteus tendon, the lateral semilunar carti- 
lage is less fixed in position; therefore, it is 
able to adapt itself more easily to sudden twist- 
ing movements of the knee joint. The firmer 
fixation of the medial semilunar cartilage ren- 
ders it much more liable to injury. A fibrous 
band leaves the posterior horn and passes up- 
ward along the posterior cruciate ligament to 
become attached to the medial condyle of the 
femur. This band has been called the ligament 
of Wrisberg (Fig. 752 C). It is well to remem- 
ber that in flexion and extension the tibia and 
the cartilages move on the femur, but in rota- 
tory movements the femur and the cartilages 
move on the tibia. 

Medial semilunar cartilage. The medial 
semilunar cartilage is ‘“‘C”-shaped and adapts 
the upper surface of the medial condyle of 
the tibia to the curvature of the medial con- 
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dyle of the femur. It is wider behind than in 
front; while its peripheral borders are thick, 
its central border thins out into a fine edge. 
Its anterior horn attaches to the anterior part 
of the intercondylar area in front of the ante- 
rior cruciate ligament; its posterior horn be- 
comes attached to the posterior part of the 
intercondylar area in front of the posterior 
cruciate ligament. Its periphery is adherent 
to the capsule and therefore to the medial 
ligament of the knee. 


Transverse Ligament of the Knee. The trans- 
verse ligament of the knee is a fibrous band 
that stretches across the anterior part of one 
semilunar cartilage to the corresponding part 
of the other. By means of this connection the 
movements of one cartilage are partly con- 
trolled and partly accompanied by the other. 
Some authorities believe that the transverse 
ligament may be considered the continuation 
of the peripheral fibers of each meniscus; the 
more central fibers attach to the tibia. There- 
fore, if any force acts on the periphery of the 
meniscus while the central part is fixed, it will 
tear longitudinally along the line between 
these inner and outer sets of fibers. This will 
result in the condition known as a “bucket 
handle” tear of the cartilage. The medial car- 
tilage is the one usually affected. 

The relationship of the medial ligament of 
the knee (tibial collateral ligament) to the me- 
dial meniscus is clinically important. It is re- 
sponsible for the fact that injuries to the me- 
dial meniscus are more frequent than to the 
lateral. The lateral is free to move slightly, 
but even this slight degree of mobility is suff- 
cient to provide for its safety. The medial, on 
the other hand, is fixed at one point by the 
tibial collateral ligament; because of this firm 
fixation, it is prone to injury. The medial liga- 
ment of the knee consists of long and short 
fibers; the short ones are on the deep surface 
of the ligament at its posterior part and are 
attached to the margin of the medial menis- 
cus, thereby binding the meniscus to the tibia. 
Passing between these 2 sets of fibers of this 
ligament is the tendon of the semimembrano- 
sus muscle. By this arrangement the back part 
of the medial meniscus is firmly fixed. There- 
fore, excessive rotation of the femur on the 
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tibia tears the movable front part away from 
the back which is firmly anchored. 

On the nonarticular area of the upper sur- 
face of the tibia, the structures from before 
backward are: the transverse ligament, the an- 
terior horn of the medial semilunar cartilage, 
the anterior cruciate ligament, the anterior 
horn of the lateral semilunar cartilage, the in- 
tercondylar tubercle, the posterior limb of the 
lateral semilunar cartilage, the posterior horn 
of the medial semilunar cartilage, and the pos- 
terior cruciate ligament (Fig. 748 A). 


Coronary Ligaments. The coronary liga- 
ments are the deeper portions of the capsule 
which unite the semilunar cartilages to the 
tibia and the femur respectively. Those fibers 
which extend to the tibia are shorter, since 
the cartilages follow the movements of this 
bone more closely than those of the femur. 


Interior of the Knee Joint and the 
Synovial Membrane 


When the knee joint is laid open the semilunar 
cartilages, the cruciate ligaments and the sy- 
novial membrane, including its infrapatellar 
fold, becomes visible (Figs. 750, 751 and 752). 


Infrapatellar Synovial Fold. The infrapatel- 
lar synovial fold (ligamentum mucosum) is 
the first structure to be seen. This is a triangu- 
lar fold of synovial membrane which is 
pinched upward. Its apex is attached to the 
most anterior part of the intercondylar notch 
of the femur, and the base extends from below 
the articular surface of the patella to the ante- 
rior intercondylar area on the tibia (Fig. 750 
A). Its sides are prolonged in a fringelike ar- 
rangement which forms the alar folds into 
which fat extends. Knee joint injuries may re- 
sult in bruising of these fringes. Its base is re- 
lated to the infrapatellar fat pad which covers 
the deep surface of the ligamentum patellae; 
its borders, the alar folds, remain free. 


Synovial Membrane. The synovial mem- 
brane lines the capsular ligament but leaves 
the capsule posteriorly to pass forward around 
the cruciate ligament (Fig. 751 A). The com- 
plexity of the synovial membrane may be sim- 
plified if we recall that developmentally the 
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joint possessed 3 synovial cavities: a patellar 
and 2 condylar. The partition which separated 
the condylar from the patellar cavity disap- 
peared, leaving only its vestigial alar folds. In 
prenatal life a partition called the intercondy- 
lar septum exists which separates the condylar 
cavities from each other. The lower border 
of this septum is attached to the intercondylar 
area on the upper aspect of the tibia. The pos- 
terior half of its upper border is attached to 
the intercondylar notch of the femur, and the 
anterior half of its upper border is free and 
extends from the intercondylar notch of the 
femur to the patella just below its articular 
surface. 

During development a perforation appears 
in this septum which extends backward to the 
anterior cruciate ligament (Fig. 750 C). In this 
way the intercondylar septum is divided into 
an anterior part, the infrapatellar fold, and 
the posterior part which is associated with the 
anterior and the posterior cruciate ligaments. 
The infrapatellar fold has been described pre- 
viously. After these developmental changes 
have taken place fluid may pass from one con- 
dylar cavity to the other, either by way of 
the patellar cavity that is over the infrapatellar 
folds or via the hole in the intercondylar sep- 
tum between the infrapatellar folds and the 
anterior cruciate ligament. It will be remem- 
bered that each condylar cavity is divided into 
upper and lower compartments by the semilu- 
nar cartilages. These two parts communicate 
around the free concave borders of the carti- 
lages. 


Bursae 


Since there were 3 primitive cavities in the 
knee joint, 3 bursae remain in the adult which 
communicate these cavities with the joint. 
They are the bursae which lie deep to the 
tendons of the quadriceps femoris, the popli- 
teus, and the medial head of the gastrocne- 
mius (Fig. 753). 


Suprapatellar Bursa. The bursa that lies deep 
to the quadriceps femoris tendon is known 
as the suprapatellar bursa. This bursa lies be- 
tween the anterior surface of the lower part 
of the femur and the deep surface of the 
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quadriceps femoris muscle. It extends about 3 
fingerbreadths above the upper border of the 
patella when the limb is in extension. It almost 
always communicates with the knee joint, and 
for this reason it is removed in excision of the 
joint for tuberculosis; however, it may become 
shut off from the rest of the joint by adhesions. 
It rests on a layer of fat which allows it to 
glide freely when the knee joint is in motion. 
Through apertures in the back of the capsule 
it often communicates with bursae under the 
head of the gastrocnemius and the bursa of 
the semimembranosus. 


Popliteus Bursa. This bursa is situated be- 
tween the popliteus tendon and the lateral 
condyle of the femur. It separates the popli- 
teus tendon from the lateral semilunar carti- 
lage, the lateral tibial condyle and the superior 
tibiofibular joint. This bursa is a tube of syno- 
vial membrane, which is situated around the 
popliteus tendon similar to the one around 
the long head of the biceps at the shoulder 
joint. It communicates with the knee joint 
both above and below the semilunar cartilage; 
in some instances it communicates with the 
superior tibiofibular joint. 


Gastrocnemius Bursa. This bursa is situated 
deep to the medial head of the gastrocnemius 
muscle. Although this bursa does not always 
communicate with the medial condylar cav- 
ity, it communicates with a bursa deep to the 
semimembranosus. In this way it may bring 
the semimembranosus bursa and the knee 
joint into communication. At times a bursa 
may exist under the lateral head of the gas- 
trocnemius muscle. An incision may be ex- 
tended upward on the tibia to within % inch 
of its articular margin and still not open the 
synovial cavity except posteriorly where the 
popliteal bursa lies. 

The relationship between the synovial 
membrane and the cruciate ligaments is as 
if the 2 ligaments have pushed into the joint 
from behind, carrying the synovial membrane 
before them. Therefore, the posterior cruciate 
ligament has no covering on its posterior as- 
pect, but the anterior cruciate ligament is cov- 
ered anteriorly. A small diverticulum of syno- 
vial membrane is situated between the two 
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and acts as a bursa during movements of the 
knee joint. Although the synovial membrane 
lines those portions of the capsular ligament 
which lie behind the condyles, it does not 
come into relation with the middle part of 
the deep surface of the posterior ligament, 
since it is held away from it by the cruciate 
ligaments. The posterior cruciate ligament 
may be exposed from behind without opening 
into the synovial cavity; the infrapatellar fold 
also may be exposed from in front without 
entering the cavity. 

The infrapatellar fat pad fills the interval 
between the patella, the femur and the tibia. 
It adapts itself to the various forms which that 
recess assumes during movements of the joint. 
It is extra-articular and extrasynovial and is 
of a semifluid nature. A parapatellar incision 
close to the patella encounters this pad in its 
thickest portion; if the incision is placed more 
laterally, easier access is gained, since only the 
thin alar folds are encountered. 

Three bursae, which communicate with the 
knee joint, have been discussed already. All 
told, however, 12 bursae are situated around 
this joint: 4 of these are anterior, 2 posterior, 
3 medial and 3 lateral (Fig. 753). 


Four Anterior Bursae. The 4 anterior bursae 
are: 

l. The suprapatellar bursa, has been thor- 
oughly discussed with the 3 bursae that com- 
municate with the joint. 

2. The prepatellar bursa is associated with 
the condition known as housemaid’s knee. It 
is subcutaneous and lies in front of the lower 
half of the patella and the upper half of the 
patellar ligament. The term “housemaid” is 
used, because in scrubbing the floor the hands 
rest upon the floor, bringing the bursae into 
contact with the ground. This constant rub- 
bing causes an inflammation known as bursitis. 
The bursa then becomes large and because 
of its weight drops below its normal position. 
3. The subcutaneous infrapatellar bursa is 
situated between the skin and the lower end 
of the ligamentum patellae (front of the tibial 
tuberosity). 

4. The deep infrapatellar bursa is situated be- 
tween the deep aspect of the lower end of 
the ligamentum patellae and the tibia. 


Tibiofibular Joints 


Two Posterior Bursae. The 2 posterior bursae 
are located between each head of origin of 
the gastrocnemius and the capsule of the joint. 
They often communicate with the joint. The 
bursa which is present between the medial 
head of the gastrocnemius and the capsule 
sends a prolongation between the gastroc- 
nemius and the semimembranosus muscles. 
If it is enlarged it forms a swelling at the inner 
side of the popliteal space, which is referred 
to as an enlarged semimembranosus bursa. 


Three Medial Bursae. Of the 3 medial bursae, 
one separates the sartorius, the gracilis and 
the semitendinosus from the tibial collateral 
ligament. The two others separate the tendon 
of the semimembranosus from the tibial collat- 
eral ligament medially and the head of the 
tibia laterally. The semimembranosus tendon 
is placed between the ligament medially and 
the condyle of the tibia laterally. 


Three Lateral Bursae. The 3 lateral bursae 
are: 

1. Between the biceps femoris tendon and the 
fibular collateral ligament. 

2. Between the popliteus tendon and the lat- 
eral condyle of the femur. 

3. Between the fibular collateral ligament and 
the popliteus tendon. 

The nerve supply is rich around the knee 
joint. It is supplied by 3 branches each from 
the femoral, the lateral and the medial popli- 
teal nerves and an additional twig from the 
obturator nerve. 


Movements. Flexion, extension and rotation 
constitute the active movements at the knee 
joint. 

Flexion is accompanied by some degree of 
flexion of the hip joint; the movements of the 
tibia and the femur on one another combine 
sliding, rolling and rotating actions. When one 
is in a resting upright position the knee joints 
are not fully extended, and the attitude is 
maintained by the balanced tone of the flexor 
and the extensor muscles. 

The movement of extension is completed 
by a movement of lateral rotation of the tibia 
on the femur; the latter action locks the joint 
and renders all ligaments tense, with the ex- 
ception of the anterior fibers of the posterior 
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cruciate ligament. This locking mechanism 
enables the fully extended knee to become 
subjected to severe strains without becoming 
injured. 

Rotation is impossible when the knee is 
fully extended and any attempt to produce 
pure rotation in this position results in injury. 
Flexion is accompanied in its initial stages by 
medial rotation of the tibia on the femur. 
When the knee is flexed to a right angle a 
considerable range of rotation is allowed, but 
when it is slightly flexed only a small amount 
of abduction and adduction can be produced, 
provided that the foot is placed on the ground. 


Tibiofibular Joints 


The fibula articulates with the tibia at both 
of its ends. Therefore, superior and inferior 
tibiofibular joints are formed (Fig. 754). The 
superior forms a small synovial joint, but the 
inferior is a syndesmosis. 





Fig. 754. The superior and the inferior tibiofibular 
joints. 
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Fig. 755. Supracondylar amputation. (A) A circular 
incision is placed at the level of the upper border 
of the patella. (B) The 4 medial muscular structures 
have been severed, and the femoral vessels are 


Superior Tibiofibular Joint. This joint is 
formed where the head of the fibula articu- 
lates with the posteroinferior surface of the 
lateral condyle of the tibia. These bones are 
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identified. (C) The periosteum is incised and dis- 
sected 2 inches cephalad to the skin incision. (D) 
The fascia lata is approximated. 


united by a capsular ligament. The tendon 
of the popliteus and its synovial pouch cross 
the upper and back part of the joint. The 
pouch sometimes is continuous with the syno- 


Tibiofibular Joints 





Fig. 756. Exposure of the knee joint. 


vial membrane of the joint through a hole in 
the capsule, and in this way the joint indirectly 
communicates with the knee joint. The lateral 
ligament of the knee and the tendon of the 
biceps cross the upper surface of the joint. 
Some fibers of the biceps tendon extend to 
the tibial condyle and thus form an additional 
ligament for the joint. Since the uppermost 
fibers of the extensor digitorum longus and 
the peroneus longus arise from the lateral con- 





845 


dyle of the tibia, they cross in front of the 
joint. It is supplied by twigs from the nerve 
to the popliteus and from the recurrent 
branch of the lateral popliteal (common pero- 
neal) nerve. It permits gliding movements 
which take place during the separation and 
the approximation of the lower ends of the 
tibia and the fibula in dorso- and plantarflexion 
of the ankle joint. 


Inferior Tibiofibular Joint. These bones are 
held together by ligaments which do not en- 
close a cavity. The joint is formed between 
a convex fibular surface and a corresponding 
concave tibial one. However, the bones are 
not in contact with each other because the 
interosseous ligament not only binds them but 
separates them. At times this ligament does 
not quite reach the lateral border of the distal 
end of the tibia, and in such cases there is a 
narrow strip above the lateral border which 
is covered with cartilage for articulation with 
the uppermost part of the facet of the lateral 
malleolus. This joint is constructed firmly; the 
strength of the ankle joint largely depends 
on its integrity. The anteroinferior and the 
posteroinferior tibiofibular ligaments (anterior 
and posterior ligaments of the lateral malleo- 
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Fig. 757. Operation for popliteal aneurysm. 
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lus) hide the interosseous ligament. They are 
strong, flat bands that pass upward and medi- 
ally from the front and the back of the upper- 
most part of the lateral malleolus to the distal 
end of the tibia. The posterior ligament is con- 
tinuous inferiorly with the transverse liga- 
ment. The transverse tibiofibular ligament is 
attached along the whole length of the poste- 
rior border of the tarsal surface of the tibia 
and to the malleolar fossa of the fibula. Superi- 
orly, it is continuous with the posteroinferior 
ligament, and its deep surface is in contact 
with a facet on the talus. The joint derives 
its nerve supply from the anterior tibial nerve 
and a long filament from the nerve to the 
popliteus that descends through the interosse- 
ous membrane. 


Surgical Considerations 


Supracondylar Amputation 


The author described a supracondylar ampu- 
tation in 1942. The procedure is accomplished 
through a simple circular incision placed on 
a level of the upper border of the patella (Fig. 
755). The internal saphenous vein is isolated 
and severed. This acts as a guide to the sarto- 
rius muscle. Four structures are identified and 
divided over the medial aspect of the lower 
end of the thigh. They are: the sartorius mus- 
cle, the gracilis tendon, the semimembranosus 
muscle and the semitendinosus tendon. Later- 
ally, the tensor fasciae latae and the biceps 
femoris tendon are divided. The femoral ves- 
sels and the sciatic nerve are isolated, ligated 
and divided at the lower aspect of the thigh. 
The attachment of the quadriceps femoris 
muscle to the linea aspera is severed. The 
bone is sawed from 2 to 3 inches above the 
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level of the skin incision. The fascia and the 
skin are approximated. 


Exposure of the Knee Joint 


Numerous approaches have been described 
for exposure of the knee joint; only one ap- 
proach will be discussed here, since the others 
can be found in any standard text on or- 
thopedic surgery. 

The procedure herein described is the an- 
teromedial approach. This is accomplished 
through a long incision which begins at the 
medial border of the quadriceps tendon about 
3 inches above the patella (Fig. 756). It ex- 
tends distally and medially, curving around 
the patella to the tibial tuberosity. The dissec- 
tion is carried between the quadriceps tendon 
and the vastus medialis muscle. The capsule 
and the synovial membrane are divided about 
W% inch from the inner border of the patella 
and the patellar ligament. The patella is 
turned to the outer side of the lateral condyle 
of the femur; this exposes the lower end of 
the femur, the cruciate ligaments, the semilu- 
nar cartilages and the articular surface of the 
patella. 


Popliteal Aneurysms 


The most common cause of true aneurysms 
is atheromatosis. In the past, popliteal aneu- 
rysms were treated by resections or autoge- 
nous vein grafts. Given the current state-of- 
the-art of vascular surgery, it is simpler and 
possibly more effective to bypass the aneu- 
rysm with a standard femoropopliteal below- 
the-knee reconstruction. The aneurysm is 
then trapped by proximal and distal ligation 
of the artery. Figure 757 reveals the graft and 
bypass with the aneurysm intact. 


SECTION 9 INFERIOR EXTREMITY 


Chapter 46 


Leg 


The 2 bones that are found in the leg are the 
tibia and the fibula (Figs. 765 and 766). These 
bones furnish attachments for the thigh mus- 
cles and the leg muscles (Fig. 758). 

The cutaneous nerve supply of the anterior 
aspect of the leg is derived from the cutaneous 
rami of the medial crural branch of the saphe- 
nous nerve and from the cutaneous branches 
of the lateral popliteal nerve (Fig. 759). The 
lower lateral aspect of the leg is supplied by 
the superficial peroneal nerve. The cutaneous 
nerve supply of the posterior aspect of the 
leg is supplied by the end of the posterior 
cutaneous nerve of the thigh, the posterior 
branch of the medial cutaneous nerve of the 
thigh, the cutaneous branch of the lateral pop- 
liteal (common peroneal) nerve, branches of 
the saphenous nerve and the cutaneous 
branch of the medial popliteal (tibial) nerve, 
which is derived from the sural nerve. 


Deep Fascia 


This fascia does not form a complete invest- 
ment for the leg; it is absent over the subcuta- 
neous part of the medial surface of the tibia 
(Fig. 760). It is attached to the anterior border 
of the tibia, then sweeps laterally and around 
the front to the back of the leg, to reach the 
tibia again at its posteromedial border, where 
it attaches. Its strength and density vary in 
different parts of the leg. 

By sending inward 2 partitions which attach 
to the fibula it divides the leg into lateral, ante- 
rior and posterior compartments. The ante- 


rior intermuscular septum attaches to the an- 
terior border of the fibula and separates the 
extensor muscles of the anterior compartment 
of the leg from the peroneal muscles. The pos- 
terior intermuscular septum is interposed be- 
tween the peroneal muscles and the muscles 
on the back of the leg; it is attached to the 
posterior border of the fibula. 

A deep layer of fascia (lamina profunda) 
arises from the posterior intermuscular sep- 
tum and attaches to the medial border of the 
tibia. This layer divides the posterior compart- 
ment into a superficial and a deep compart- 
ment. In this way, the 3 muscular compart- 
ments are formed. The anterior compartment 
contains the extensor muscles and the anterior 
tibial artery and nerve. The lateral compart- 
ment contains the peroneal muscles and the 
superficial peroneal nerve. The posterior com- 
partment contains the flexor muscles and the 
posterior tibial vessels and nerve. 

The deep fascia becomes thinner as it passes 
toward the distal part of the leg. In the region 
of the ankle it again becomes thickened to 
form fascial bands. These bands are called reti- 
nacula; their function is to retain the tendons 
in position when the muscles which move the 
joint are in action (Fig. 772). 


Superior Extensor Retinaculum. The superior 
extensor retinaculum (transverse ligament) is 
a band of fascia about 1% inches wide which 
stretches across the front of the leg from the 
tibia to the fibula. At its medial end the liga- 
ment splits to enclose the tendon of the tibialis 
anterior muscle. In this way a special compart- 
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Fig. 758. Cross sections of the right leg at its upper, middle and lower thirds 
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Fig. 759. The anterior and the posterior cutaneous 
nerve supply of the leg. 


ment is made which is invested with a synovial 
sheath for the tendon of this muscle. To its 
lateral side, the tendons of the extensor hallu- 
cis longus, the extensor digitorum longus and 
the peroneus tertius muscles pass behind the 
retinaculum in a common compartment. This 
is not provided with a synovial sheath. The 
anterior tibial vessels and nerve lie posterior 
to the extensor hallucis longus as they pass 
behind the retinaculum. 


Inferior Extensor Retinaculum. The inferior 
extensor retinaculum (cruciate ligament) lies 
distal to the ankle joint. It is a Y-shaped liga- 
ment which extends from the lateral part of 
the calcaneum mediad and splits, thus giving 
it the semblance of the letter “Y” (Fig. 771 
C). The upper limb of the Y passes to the me- 
dial malleolus, and the lower limb passes to 
the deep fascia on the medial side of the foot. 
The tibialis anterior has a separate synovial 
sheath under this retinaculum, as has the ex- 
tensor hallucis. The extensor digitorum and 
the peroneus tertius have a common sheath 
under the lower retinaculum. 
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Muscles 


The muscles of the leg consist of 3 groups: 
(1) the anterior (extensor) group, all of which 
are supplied by the anterior tibial (deep pero- 
neal) nerve; (2) the posterior (flexor) group, 
all of which are supplied by the posterior tibial 
nerve; (3) the lateral peroneal (evertor) group, 
which is supplied by the superficial peroneal 
(musculocutaneous) nerve. Since the fibula is 
on a plane posterior to that of the tibia, the 
anterior compartment faces laterally as well 
as anteriorly (Fig. 761). 


Anterior (Extensor) Group (Anterior 
Compartment) 


If one thinks of the tibia, the large toe and 
the 4 remaining toes, it would naturally follow 
that 4 muscles constitute this group. They are: 
the tibialis anterior, the extensor hallucis lon- 
gus, the extensor digitorum longus and the 
peroneus tertius (Fig. 761 A and B). 


Tibialis Anterior Muscle. The tibialis ante- 
rior (tibialis anticus) arises from the upper 
half of the lateral surface of the tibia and from 
the interosseous membrane. Its tendon begins 
at about the middle of the leg and follows 
the anterior border of the tibia, crossing the 
bone directly in front of the medial malleolus. 
It passes through the medial compartments 
of the extensor retinacula, crosses the ankle 
joint, the talus and the navicular, and finally 
is inserted into the medial aspect of the cunei- 
form bone and the adjoining part of the base 
of the first metatarsal. Its action is dorsiflexion 
(extension) and inversion of the foot. It is sepa- 
rated above from the extensor digitorum lon- 
gus and below from the extensor hallucis lon- 
gus by a septum of deep fascia which leads 
to the cellular interspace; this space contains 
the neurovascular structures. 


Extensor Hallucis Longus. The extensor hal- 
lucis longus is the long extensor of the big 
toe. It is a thin muscle which is placed be- 
tween the tibialis anterior and the extensor 
digitorum longus. Its upper portion is hidden 
by the 2 last-named muscles, but as it passes 
downward, it reaches the surface between 
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Fig. 760. The deep fascia of the leg: cross section showing the 3 compartments. 


them. It arises from the middle two fourths 
of the anterior surface of the fibula and from 
the interosseous membrane. It is accompanied 
by the extensor digitorum longus as it passes 
behind the upper extensor retinaculum; in the 
lower retinaculum it is lined with an indepen- 
dent synovial sheath. As it passes over the an- 
kle joint, it crosses the anterior tibial vessels 
and nerves, so that its tendon comes to lie 
medial to the dorsalis pedis artery (Fig. 779). 
It is the only muscle which crosses the phalanx 
of the great toe on its dorsal aspect. Its action 
is indicated by its name—extension of the 
great toe; it aids also in dorsiflexion (extension) 
of the foot. 


Extensor Digitorum Longus Muscle. The ex- 
tensor digitorum longus arises as a long thin 
sheath of muscle from the upper three fourths 
of the anterior surface of the fibula and the 
interosseous membrane. Its tendon passes be- 
hind the superior retinaculum and in front 
of the ankle joint. It passes under the inferior 
retinaculum and divides into 4 slips which di- 
verge from each other to reach the lateral 4 
toes. Each tendon inserts into the middle and 
distal phalanges of the lateral 4 toes. Each ten- 
don also receives a tendon of the extensor bre- 
vis digitorum, which passes onto the dorsum 
of each toe and broadens into a dorsal expan- 
sion (p. 874). This is inserted in a fashion simi- 
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lar to the dorsal expansion of the fingers. The 
muscle is an extensor of the toes and a dorsifle- 
xor of the foot. 


Peroneus Tertius Muscle. The peroneus ter- 
tius is not a peroneal muscle but rather is a 
part of the extensor digitorum longus. It is 
small and is not always present. Some anato- 
mists consider it the lowest quarter of the ex- 
tensor digitorum longus. It ends in a slender 
tendon which fails to reach the toe but gains 
attachment somewhere along the dorsum of 
the 5th metatarsal. The action of this muscle 
is to dorsiflex the foot and to aid the true pero- 
neal muscle in eversion. 


Nerves and Vessels. The anterior tibial (deep 
peroneal) nerve is one of the 2 terminal 
branches of the lateral popliteal nerve (com- 
mon peroneal) (Fig. 761). It arises on the lat- 
eral side of the neck of the fibula under cover 
of the peroneus muscle, pierces the anterior 
intermuscular septum and then usually passes 
between the extensor digitorum longus and 
the fibula to enter the anterior compartment 
of the leg. In the upper two thirds of the ante- 
rior compartment, it lies very deep between 
the muscles, having the extensor longus mus- 
cle to its lateral side and the tibialis anterior 
to its medial side. In the distal third, where 
fleshy muscle bellies give place to tendons, 
it comes closer to the surface. At first, the 
nerve is in front of the interosseous mem- 
brane, with the anterior tibial vessels to its 
medial side. As it descends, it passes onto the 
front of the artery. In the distal third of the 
leg, the nerve lies on the tibia, with the vessels 
usually to its medial side again. The extensor 
hallucis longus, at first on the lateral side of 
the nerve, crosses in front of it and the vessels 
just above the ankle; it lies medial to them 
at the ankle, thus separating them from the 
tibialis anterior muscle. The nerve leaves the 
anterior compartment by passing downward 
deep to the anterior annular ligament, where 
it continues with the dorsalis pedis artery. It 
supplies the 4 muscles of the anterior com- 
partment. 

The anterior tibial artery begins on the pos- 
terior surface of the leg, where it arises from 
the popliteal artery at the lower border of 
the popliteus muscle (Fig. 761). It is accompa- 
nied by 2 venae comitantes which run with 
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the artery and send interlacing veins around 
it. The artery enters the anterior compart- 
ment of the leg by piercing the upper part 
of the interosseous membrane. In the upper 
half of its course, the vessel is situated deeply, 
with the nerve lying on the interosseous mem- 
brane between the tibialis anterior and the 
extensor digitorum longus. In the lower part 
of its course, the artery lies on the shaft of 
the tibia and is overlapped by the extensor 
hallucis longus. After passing behind the supe- 
rior extensor retinaculum, it becomes superfi- 
cial in the interval between the tendons of 
the extensor hallucis longus and the extensor 
digitorum longus. In front of the ankle joint, 
the artery continues as the dorsalis pedis ar- 
tery (Fig. 779). Branches of this vessel take 
part in the anastomoses around the knee and 
the ankle joints. A straight line drawn from 
the medial side of the neck of the fibula to 
a point midway between the 2 malleoli marks 
the course of the anterior tibial artery. 


Lateral (Peroneal) Group (Lateral 
Compartment) 


This group is made up of 2 muscles on the 
lateral aspect of the leg—the peroneus longus 
and the brevis; they are evertors (Fig. 761). 
The peronei fill the lateral crural compart- 
ment and are separated from the extensor 
flexor compartment by the anterior and the 
posterior intermuscular septa, respectively. 

The peroneus longus arises from the upper 
two thirds of this compartment, and the pero- 
neus brevis from the lower two thirds, thus 
overlapping each other in the middle third. 
Both muscles pass downward, the brevis being 
covered by the longus, until they reach the 
posterior aspect of the lateral malleolus, 
where the tendon of the brevis is in direct 
contact with the bone. Here, the tendons are 
held down by a thickening of the deep fascia, 
the superior peroneal retinaculum. They are 
provided with a common synovial sheath. 
They continue to pass below the malleolus and 
lie on the lateral aspect of the calcaneum, be- 
coming separated from each other by the pe- 
roneal tubercle. At this point, they are held 
in place by the inferior peroneal retinaculum, 
and here each possesses a synovial sheath of 
its own. The tendon of the peroneus brevis 
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passes above the tubercle to be inserted into 
the dorsal aspect of the tubercle on the base 
of the 5th metatarsal bone. The tendon of the 
peroneus longus passes below the peroneal tu- 
bercle, medial and forward across the sole of 
the foot to become inserted into the lateral 
aspect of the medial cuneiform and the adjoin- 
ing part of the base of the first metatarsal 
bone. 

Both of these muscles are supplied by the 

musculocutaneous (superficial peroneal) 
nerve. 
Actions. When the foot is off the ground, the 
peroneal muscles produce eversion. A most 
important function of the peroneus longus is 
to maintain the transverse arch of the foot. 
By their ability to draw the foot to the lateral 
side, the peroneal muscles balance the medial 
pull exerted by the tibialis posterior and the 
long flexors of the toes. 

The musculocutaneous (superficial pero- 
neal) nerve arises from the lateral popliteal 
nerve on the lateral side of the fibular neck 
(Fig. 761). It proceeds downward and forward 
in the substance of the peroneus longus mus- 
cle and then between the peroneus brevis and 
the anterior intermuscular septum. At the 
junction of the middle and the lower thirds 
of the leg, it passes through the deep fascia 
to become cutaneous. Plus its muscular and 
cutaneous branches, it gives off a communicat- 
ing branch on the dorsum of the foot to the 
sural nerve. The anterior border of the pero- 
neus brevis acts as a guide to this nerve, since 
it travels with it to the surface, a variable dis- 
tance above the subcutaneous area of the fib- 
ula. 


Posterior (Flexor) Group (Posterior 
Compartment) 


This group of muscles is supplied by the poste- 
rior tibial nerve, which also has been referred 
to as the tibial nerve and as the medial pop- 
liteal nerve. The muscles are divided into 2 
groups: superficial muscles and deep muscles 


(Fig. 762). 


Superficial Muscles. The superficial muscles 
are the gastrocnemius, the plantaris and the 
soleus; they join to form the stout tendo calca- 
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neus, which is inserted into the back of the 
calcaneus (Figs. 762 and 763). 

Gastrocnemius muscle. The gastrocnemius 
arises from the femur by 2 heads (Fig. 762 
A). The medial head arises from the back of 
the femur above the medial condyle; the lat- 
eral head arises from the lateral aspect of the 
lateral condyle. There is an asymmetry be- 
tween the origins of these 2 heads. This mus- 
cle accounts for the fullness of the calf, since 
the 2 muscle bellies broaden as they descend. 
The muscle bellies do not blend with each 
other but are separated by a groove in which 
the sural nerve and the short saphenous vein 
are found. The lateral head often contains a 
small sesamoid bone called the fabella, which 
usually is noted on the x-ray film opposite the 
lateral condyle. The common tendon of the 
2 heads joins the tendon of the soleus to form 
the tendo calcaneus; this takes place a short 
distance below the middle of the leg. The mus- 
cle acts as a plantar flexor of the foot and as 
a flexor of the knee. 

Soleus muscle. The soleus has a rather ex- 
tensive horseshoe-shaped origin from the up- 
per third of the posterior aspect of the fibula 
and from the soleal line on the back of the 
tibia (Fig. 762 B). In its upper half, this muscle 
is covered by the bellies of the gastrocnemius, 
but where the common tendon of the latter 
begins, the belly of the soleus projects beyond 
its margins, becoming superficial. The tendon 
of this muscle develops on its superficial aspect 
and joins the deep surface of the tendo calca- 
neus. It is a plantar flexor of the foot. 

Plantaris muscle. The plantaris is a small 
muscle about 3 or 4 inches long, with a very 
long tendon, which at times may be over 12 
inches; it may be absent. Because of this long 
narrow tendon, it has been referred to as “the 
freshman’s nerve.” It arises from the lateral 
supracondylar line of the femur and passes 
downward between the gastrocnemius and 
the underlying soleus. It reaches the inner side 
of the tendo achillis, with which it blends. It 
may have a separate insertion into the os cal- 
cis; its action is to aid the gastrocnemius. 

Tendo calcaneus muscle. The tendo calca- 
neus is the most powerful tendon in the body. 
It narrows as it descends, but near the heel 
it expands again and inserts into the middle 
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Fig. 762. The superficial posterior group of calf 
muscles. (A) The relations of the plantaris, the gas- 
trocnemius and the soleus are shown. (B) The 2 


portion of the posterior surface of the calca- 
neum. The fleshy fibers of the soleus are con- 
tinued downward on its deep surface almost 
to the heel. A small bursa separates the tendon 
from the calcaneum. 


Deep Muscles. The group of deep muscles 
consists of the popliteus, the flexor hallucis lon- 
gus, the flexor digitorum longus and the ti- 
bialis posterior. 
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heads of the gastrocnemius have been cut to show 
the plantaris tendon and the soleus muscle. 


Popliteus muscle. The popliteus arises 
from the lateral aspect of the lateral condyle 
of the femur, within the capsule of the knee 
joint. The tendon pierces the posterior part 
of the capsule of the joint, and its fibers fan 
out to obtain insertion into the posterior as- 
pect of the tibia above the soleal line (Figs. 
763 and 764). It is mainly a flexor of the knee 
joint. A strong fascia covers the posterior sur- 
face of the popliteus muscle; this tendon can 
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Fig. 763. The superficial and the deep groups of the calf muscles: (A) the superficial group consists of 


3 muscles; (B) the deep group consists of 4 muscles. 


be traced upward and medially to the medial 
side of the knee, where it becomes continuous 
with the tendon of the semimembranosus. 
Flexor hallucis longus muscle. The flexor 
hallucis longus is the long flexor of the big 
toe. It arises chiefly from the posterior surface 
of the fibula, below the origin of the soleus. 
The muscle belly is bulky and overlaps and 
largely conceals the fleshy part of the tibialis 
posterior. At the ankle joint, it passes through 
a separate space in the laciniate ligament, be- 
ing separated from the flexor digitorum longus 
by the tibial nerve and the posterior tibial ves- 
sels (Fig. 763 B). It inserts into the terminal 


phalanx of the great toe and is a powerful 
invertor as well as a flexor of the big toe. 

Flexor digitorum longus muscle. The flexor 
digitorum longus arises from the posterior 
surface of the tibia, below the popliteus mus- 
cle and medial to the vertical ridge. After pass- 
ing through the split tendon of the flexor 
brevis muscle, it inserts into the terminal 
phalanges of the 4 outer toes. It flexes the 
toes, draws the pillars of the arches of the foot 
together and also supports the arch. 

Tibialis posterior muscle. The tibialis pos- 
terior muscle originates from the interosseous 
membrane and the adjoining parts of the pos- 
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Fig. 764. The posterior tibial nerve and the poste- 
rior tibial and peroneal arteries. 


terior surfaces of the tibia and the fibula (Fig. 
763). This attachment to the interosseous 
membrane does not reach as high as the at- 
tachments to the bone. The upper end of the 
muscle is bifid, the anterior tibial vessels pierc- 
ing the membrane between these 2 parts. As 
it passes distally, it inclines medially under 
cover of the flexor digitorum longus and be- 
comes a strong flattened tendon which 
grooves the back of the medial malleolus un- 
der cover of the flexor retinaculum. Its tendon 
enters the sole and is inserted chiefly into the 
tuberosity of the navicular bone and the cu- 
neiform bone. Some slips of the tendon also 
are inserted into other bones of the foot. The 
muscle is a plantar-flexor and invertor of the 
foot. 


Vessels and Nerves. This region contains 2 
main arteries and 1 main nerve (Fig. 761). 


Inferior Extremity: Leg 


The arteries are the posterior tibial and its 
largest branch, the peroneal; the nerve is the 
posterior tibial. 

Posterior tibial nerve. The posterior tibial 
nerve lies between the 2 arteries, being 
closely applied to the lateral side of the poste- 
rior tibial artery. All 3 travel distally behind 
the fascia covering the posterior tibial muscle, 
and when this muscle passes to a medial posi- 
tion, they continue their course on the skeletal 
plane. The nerve takes a straight course and 
crosses the posterior tibial artery to gain its 
lateral side. It supplies the 3 deep muscles 
and the deep part of the soleus muscle and 
then ends deep to the flexor retinaculum (la- 
ciniate ligament) by dividing into medial and 
lateral plantar nerves. 

Posterior tibial artery. The posterior tibial 
artery is the larger of the 2 terminal branches 
of the popliteal artery. It begins at the upper 
border of the soleus and ends deep to the 
flexor retinaculum by dividing into the medial 
and the lateral plantar arteries. The flexor hal- 
lucis longus muscle lies laterally, and the flexor 
digitorum longus lies medially; the fascia cov- 
ering the posterior tibial muscle, the shaft of 
the lower end of the tibia and the capsule 
of the ankle joint all lie anteriorly. When the 
fascia is relaxed by inverting the foot, the pul- 
sations of the artery can be felt about a finger’s 
breadth from the medial malleolus. 

Peroneal artery. The peroneal artery arises 
from the posterior tibial artery before the lat- 
ter is crossed by the tibial nerve. It descends 
first behind the fascia covering the tibialis pos- 
terior muscle deep to the flexor hallucis lon- 
gus; then it continues downward behind the 
fibula and the ankle joint to end on the lateral 
surface of the calcaneus as the lateral calca- 
nean artery. 


Tibia 


The tibia, or shin bone, is the medial and the 
larger of the 2 bones of the leg (Figs. 765 and 
766). It presents a proximal end, a shaft and 
a distal end. 


Proximal End. The proximal end is the larger 
of the two, its transverse diameter is wider, 


Tibia 





Fig. 765. The tibia and the fibula seen from in 
front. The muscular origins are presented in red; 
the insertions, in blue. 


and it is bent slightly backward. It consists 
of a tubercle, lateral and medial condyles, an 
intercondylar area and eminence, fibular fac- 
ets and a groove for the semimembranosus. 
This massive prismatic upper end is broader 
from side to side than from before backward, 
and it is curved so that it overhangs the poste- 
rior surface of the shaft. Being so greatly ex- 
panded, it provides a good weight-bearing sur- 
face for the lower end of the femur. 

The tubercle (tuberosity) is seen in front 
of and below the condyles, about 1 inch from 
the top. Its lower half is rough for the attach- 
ment of the ligamentum patellae; above, it 
is a smooth area separated by a bursa from 
this ligament. This prominence is felt easily 
subcutaneously. In the kneeling position, the 
body rests on the lower part of this tubercle, 
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Fig. 766. The tibia and the fibula seen from be- 
hind. The origins are presented in red; the inser- 
tions, in blue. 


the front of the condyles, the ligamentum pa- 
tellae and the lower part of the patella. 

The 2 condyles are felt readily at the sides 
of the bone and make up most of the proximal 
end of the tibia. Anteriorly, they are united 
above the tubercle, but posteriorly they are 
separated by a wide and shallow notch. Over 
their superior surfaces they are covered with 
cartilage; they articulate centrally with the 
condyle of the femur and peripherally with 
a corresponding semilunar cartilage. Between 
these articular surfaces is the intercondylar 
area, which rises in its center to form the inter- 
condylar eminence. 

The medial condyle is larger than the lat- 
eral, and its articular surface is more concave. 
Over its posteromedial aspect, the groove for 
the insertion of the semimembranosus is 
found. 

The lateral condyle extends farther out 
from the shaft and presents the facet for the 
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head of the fibula over the posteroinferior sur- 
face. On the back and above and medial to 
this facet is the shallow groove for the pop- 
liteus tendon; on the front of the condyle is 
a raised impression for the attachment to the 
posterior part of the iliotibial tract. Over the 
lateral surface is a curved ridge which gives 
attachment to the strong deep fascia of the 
leg. 


Shaft. The shaft is thick and strong above 
but gradually tapers as it is traced downward 
to the junction of its middle and lower thirds, 
where it again becomes slightly expanded. It 
is distinctly prismatic in shape; because of this, 
it has anterior, lateral and medial borders and 
posterior, medial and lateral surfaces (Fig. 
767). 

The anterior border, which may be felt as 
the shin, extends from the tubercle above to 
the front of the medial malleolus below; it is 
somewhat indistinct in its lower third. 

The lateral (interosseous) border is sharply 
defined in its middle third and extends from 
the fibular facet above, to the fibular notch 
below; the interosseous membrane is attached 
to it. 

The medial border is rounded and less dis- 
tinct from the lateral; it can be traced from 
the lower part of the medial condyle to the 
back of the medial malleolus. 

The lateral surface is located between the 
anterior and the interosseous borders and is 
slightly concave in its upper two thirds to ac- 
commodate the origin of the anterior tibialis 
muscle. The lower third is in relation to the 
tendons of the extensor muscles; it is convex. 

The medial surface is wide and smooth; it 


Fig. 767. Diagram of a cross section of the tibia 
and the fibula, showing the bony borders and sur- 
faces. 


Inferior Extremity: Leg 


is subcutaneous except at its upper end, where 
tendons are inserted. 

The posterior surface is located between 
the medial and the interosseous borders and 
encroaches on the lateral aspect near its upper 
end. 

The soleal (popliteal) line appears as a 
rough ridge which crosses this border ob- 
liquely from the fibular facet to the medial 
margin. Extending downward from this line 
is the vertical line, to the lateral side of which 
is found a large foramen for the nutrient ar- 
tery. 


Distal End. The distal end of the tibia pre- 
sents 5 surfaces, a medial malleolus and a fibu- 
lar notch. The medial surface is subcutaneous 
and continues below as the medial malleolus. 
The anterior surface is rounded and covered 
with extensor tendons. The posterior surface 
also is rounded and is grooved on the malleo- 
lus for the tibialis posterior. The inferior (tar- 
sal) surface is quadrilateral and wider in front 
than behind; it is slightly concave from behind 
forward and convex from side to side. It articu- 
lates with the upper surface of the talus. The 
lateral surface is occupied by a triangular de- 
pression known as the fibular notch. The me- 
dial malleolus can be palpated without diff- 
culty. It lies a little anterior to the lateral 
malleolus and does not extend as far down- 
ward. Its apex gives attachment to the deltoid 
ligament of the ankle joint, and its posterior 
aspect is grooved by the tendon of the tibialis 
posterior. Its lateral surface articulates with 
the talus. 

The epiphysis of the lower end is repre- 
sented by a horizontal line about a % inch 
above the broad lower end of the bone. The 
metaphysis is separated by the whole thick- 
ness of the epiphysis. Diseases of the tibia, 
either in the upper or the lower end, are un- 
likely to affect the joint because of the epiphy- 
seal and the capsular relationships. 


Attachments to the Tibia. The attachments 
to the tibia are shown in Figures 765 and 766. 
They are as follows: 


To the intercondylar area: the anterior 
horn of the medial semilunar cartilage and 
the anterior cruciate ligament. 


Fibula 


To the intercondylar eminence: the ante- 
rior horn of the lateral semilunar cartilage 
to the front, and the posterior horn to the 
back. 

To the intercondylar area: the posterior 
horn of the medial cartilage and the poste- 
rior cruciate ligament. 

To the medial condyle: the semimembrano- 
sus. 

To the tibial tubercle: the ligamentum pa- 
tellae. 

To the shaft: the tibialis anterior from the 
lateral condyle and two thirds of the lateral 
sulcus. From the upper part of the medial 
surface, the sartorius, the gracilis, the semi- 
tendinosus and the medial ligament of the 
knee. 

To the soleal line: the popliteus and the 
tibialis posterior from the upper two thirds 
of the lateral area of the posterior surface. 
From the vertical line: the fascia covering 
the tibialis posterior and the flexor digito- 
rum longus from the upper two thirds of 
the area medial to the vertical line. 

To the anterior and the medial borders: the 
fascia of the leg and the superior extensor 
retinaculum to the lower part of the ante- 
rior border. 

To the interosseous border: the interosseous 
membrane. 

To the fibular notch: the interosseous tibio- 
fibular ligament and the inferior tibiofibular 
ligaments to the lower parts of its anterior 
and posterior margins. The anterior liga- 
ment of the ankle to the anterior border 
of the tarsal tibial surface, and the posterior 
ligament of the ankle and the transverse 
tibiofibular ligament to the posterior bor- 
der. 

To the medial malleolus: the deltoid liga- 
ment, the flexor retinaculum and the infe- 
rior extensor retinaculum. 


Fibula 


The fibula is the lateral of the 2 bones of the 
leg; it is slender and is attached above and 
below to the lateral aspect of the tibia. It can 
be divided conveniently into proximal and dis- 
tal ends and a shaft. 
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Proximal End. The proximal end consists of 
a head, a neck and a styloid process. The head 
appears as an irregular cuboidal area which 
has on its upper surface a triangular facet 
which articulates with the lateral condyle of 
the tibia. Projecting upward from its postero- 
lateral aspect is the blunt-shaped styloid pro- 
cess (apex), to the top of which the short lat- 
eral ligament of the knee joint is attached. 
The fibular head can be felt through the skin 
on the posterolateral aspect of the knee, below 
the level of the joint. The lateral popliteal 
(common peroneal) nerve can be felt and 
rolled by the fingers on the back of this head, 
although it is separated from it by the upper- 
most fibers of the soleus muscle. The neck is 
that constricted portion just below the head 
where the lateral popliteal nerve divides over 
its lateral side. 


Shaft. The shaft reveals 3 borders, 3 surfaces 
and a crest (Fig. 767). The interosseous border 
is ill defined on the medial side of the anterior 
border; it extends from the neck to the apex 
of a rough triangle on the medial side of the 
distal end. It provides attachment for the in- 
terosseous membrane. The anterior border is 
sharp and distinct in its lower half, but it may 
be masked and joined with the interosseous 
border in its upper fourth. The posterior bor- 
der is blunt but well defined and extends from 
the neck to the medial margin of the back 
of the lateral malleolus. 

The lateral (peroneal) surface is situated 
between the anterior and the posterior bor- 
ders; it faces laterally above but becomes 
twisted so that below it faces directly back- 
ward. The anterior (extensor) surface is that 
strip which is situated between the anterior 
and the interosseous borders. It is very narrow 
proximately but is wider distally. The posterior 
surface is situated between the posterior and 
the interosseous borders and is subdivided 
into 2 parts by the medial crest. The medial 
crest is at times the most prominent ridge on 
the bone. It begins at the neck and ends inferi- 
orly by continuing into the interosseous bor- 
der a few inches above the distal end. This 
crest is closely related to the peroneal artery. 


Distal End. The distal end of the bone may 
be considered the lateral malleolus. It is pyra- 
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midal in shape and compressed from side to 
side. It presents 4 surfaces, of which the me- 
dial reveals a triangular facet for articulation 
with the lateral surface of the talus. The lat- 
eral surface is smooth and convex and palpa- 
ble subcutaneously. It forms the lateral promi- 
nence of the ankle and extends to a slightly 
lower level than the medial malleolus. The 
anterior surface is narrow and not sharply de- 
fined from the lateral. The posterior surface 
presents a longitudinal groove for the tendons 
of the peroneus longus and the brevis. The 
medial surface reveals a large articular area 
for the talus. 


Attachments to the Fibula. The attachments 
to the fibula are shown in Figures 765 and 
766. They are as follows: 


To the head: the capsule of the superior 
tibiofibular joint. The arcuate ligament of 
the knee to the styloid process, the lateral 






Ant tibi ali AS f 


Lat. surface’ N 
of tibia 


B 


Fig. 768. Surgical approach to the tibia. 


ligament of the knee and the biceps in front 
of that process, the muscles and their fas- 
ciae which arise from the upper part of the 
shaft and also arise from the adjoining part 
of the head and the fascia lata. 

From the shaft: from the anterior surface, 
the extensor digitorum longus, the pero- 
neus tertius and the extensor hallucis lon- 
gus; from the posterior surface, the soleus 
and the flexor hallucis longus. From the lat- 
eral surface, the peroneus longus and the 
brevis. From the anterior border, the ante- 
rior intermuscular septum and the superior 
extensor retinaculum. 

To the lateral malleolus: the anterior infe- 
rior tibiofibular ligament, the anterior talo- 
fibular ligament and the calcaneofibular 
ligament. The posterior inferior tibiofibular 
ligament, the superior peroneal retinacu- 
lum, the posterior talofibular ligament and 
the transverse tibiofibular ligament to the 
malleolar fossa. 
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Fig. 769. Surgical approach to the fibula. 
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The epiphyses of the fibula appear as bul- 
bous ends at both extremities. The capsules 
are attached to the articular margins, and the 
metaphyses are entirely extracapsular. The 
epiphyseal line at the lower end is at the level 
of the ankle joint. This anatomic point is im- 
portant, since a disease of the ankle joint may 
spread to the shaft of the fibula and vice versa. 
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Surgical Considerations 


Approaches to Tibia and Fibula 


The tibia can be approached along its exposed 
medial surface (Fig. 768). The saphenous 
nerve and the great saphenous vein should 
be avoided. 


Fig. 770. Leg amputation. In C it should be noted that the fibula is cut at a higher level than the 


tibia; the tibia is beveled. 
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The fibula is exposed in such a way that 
the superficial (musculocutaneous) peroneal 
nerve is avoided (Fig. 769). The proximal and 
the middle thirds can be approached through 
an incision along the line of the posterior in- 
termuscular septum. The upper third of the 
shaft can be approached through an incision 
between the adjoining borders of the soleus 
and the peroneus longus muscles. The com- 
mon peroneal (external popliteal) nerve must 
be protected where it winds around the neck 
of the fibula. In the middle third, a lateral 
incision is made through the interval between 
the peroneus longus and the flexor hallucis 
longus muscles. The distal third of the shaft 
is exposed just behind the anterior intermus- 
cular septum, between the peroneus brevis 
and the tertius muscles. 


Leg Amputation 


The technic for leg amputation in the middle 
third utilizes a long anterior flap and a short 
posterior flap (Fig. 770). The deep fascia is 
included in these flaps, and in those patients 
whose circulation seems to be adequate, an 
additional 2 or 3 inches of deep fascia is cut 
downward from the posterior incision so that 
a fascial flap remains attached. The anterior 
flap of skin and fascia is separated at a little 
higher level than that point at which the 
bones are to be sawed. All soft tissues are 
severed to the bone about 2 inches distal to 
the point of bone section. The tissues are 
separated from the bone and retracted high 
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enough to promote free use of the saw. The 
periosteum is elevated upward. The fibula 
should be made about 1 inch shorter than the 
tibia, because if it is left as long as the tibia, 
it becomes prominent and tender, producing 
a stump that will be difficult to fit. The nerves 
are drawn down as far as possible, ligated and 
divided. The vascular stumps are secured, and 
the muscles are approximated with fascial su- 
tures. The fascia of the posterior flap is sutured 
over the end of the stump so that the muscle 
surface is carefully covered. The anterior skin- 
fascia flap is pulled downward and sutured 
to the posterior fascial layer. 


Fractures of Shaft of Tibia and Fibula 


The shafts of both bones of the leg are frac- 
tured more commonly in young adults and 
children. If the injury is caused by indirect 
violence, the tibia usually breaks at its weakest 
point, which is the junction of the middle and 
the lower thirds; the fibula usually fractures 
at a higher level. If the cause is direct violence, 
the bones are broken at the same level, the 
fractures being transverse and at the site of 
injury. The lower fragment is pulled upward 
by the action of the calf muscles; the weight 
of the foot produces outward rotation. 

In the treatment of these fractures, reduc- 
tion may be difficult. The knee always should 
be flexed, to relax the calf muscles. To check 
on proper alignment, the inner margin of the 
great toe, the internal malleolus and the inner 
margin of the patella should all be in the same 
line. 


SECTION 9 INFERIOR EXTREMITY 


Chapter 47 


Ankle 


The ankle consists of the ankle joint (the tibia 
and the fibula proximally, and the talus dis- 
tally) and those (structures which surround it 
(Fig. 771). The 2 malleoli can be felt distinctly, 
the lateral being less prominent, descending 
lower and lying farther back than the medial. 
The tip of the lateral malleolus is about % 
inch below and behind the tip of its corre- 
sponding bony prominence. Anterior to the 
lateral malleolus and lateral to the tendon of 
the peroneus tertius is a shallow depression 
which indicates the level of the ankle joint. 
A similar depression lies between the medial 
malleolus and the tibialis anterior tendon. At 
these two points the ankle joint is very superfi- 
cial, and, when fluid is present, these areas 
become filled and form soft projections. If the 
foot is forcibly plantarflexed, the talus (astraga- 
lus) glides forward out of its socket and pro- 
duces a prominence which is most appar- 
ent in front of the lateral malleolus. The 
medial or internal malleolus is large, flat and 
prominent. The ankle joint lies approxi- 
mately % inch above the tip of the internal 
malleolus. 

The tendo calcaneus (achillis) stands out 
prominently at the back of the ankle; between 
it and the malleoli are 2 hollowed grooves. 
Over the front of the ankle, the tendons of 
the extensor muscles stand out in bold relief, 
especially when the joint is flexed. From 
within outward, they are (Figs. 771 and 772): 
the tendon of the anterior tibial muscle, the 
extensor hallucis longus, the extensor digito- 
rum longus and the peroneus tertius. 

Above and behind the medial malleolus, the 


tendons of the posterior tibial and the flexor 
digitorum muscles are noted; the former lies 
closer to the bone. Behind the lateral malleo- 
lus, the long and the short peroneal tendons 
can be felt lying close to the edge of the fibula, 
the tendon of the smaller muscle being the 
closer to it. The interval between the medial 
malleolus and the calcaneus is crossed by the 
laciniate (internal annular) ligament, which 
also forms an osteo-aponeurotic canal in which 
are found the tendons of the flexor digitorum 
longus, the flexor hallucis longus and the pos- 
terior tibial muscles (Fig. 771 C). 

The tendon of the tibialis posterior muscle 
lies immediately behind the back of the me- 
dial malleolus and is succeeded by the tendons 
of the flexor digitorum longus and the flexor 
hallucis longus. The posterior tibial vessels and 
nerves lie between the last two named ten- 
dons. The tendons lie in close relation to the 
ankle joint, but the calcaneal tendon is sepa- 
rated from it by a considerable interval. A 
fairly wide space which is filled with fatty 
areolar tissue also exists between the flexor 
hallucis longus tendon and the posterior tibial 
vessels, so that there is little chance of damage 
when operating on this tendon. 

The skin about the ankle is thin and loosely 
attached to the subjacent parts. Owing to its 
proximity to the underlying malleoli, it may 
be damaged by the pressure of a cast or a 
bed rest. The subcutaneous tissue varies both 
in quantity and character. Over the front of 
the ankle it is lax and free from fat; therefore, 
if edema is present, the skin will pit on pres- 
sure. 
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Fig. 771. The structures surrounding the right ankle: (A) seen from behind; (B) the lateral structures; 


(C) the medial structures. 


Deep Fascia 


The deep fascia is strong and is directly contin- 
uous with the fascia which invests the leg and 
the foot. It forms 5 definite bands (in front 
of and at each side of the ankle) which main- 
tain the tendons in contact with the bones, 
and it assists in forming osteoaponeurotic tun- 
nels through which the tendons and their sy- 
novial sheaths pass. 


Five Binding Bands 


The 5 binding bands are (Fig. 773): the ante- 
rior bands, the transverse crural and the cruci- 
ate ligaments; medial band, the laciniate liga- 
ment; lateral bands, the peroneal retinacula. 


Transverse Crural Ligament. The anterior 
thickening of the deep fascia has 2 divisions: 
an upper and a lower. The upper division, 
or the transverse crural ligament, stretches 


Deep Fascia 
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Fig. 772. The relations around the right ankle joint. The deep fascia and the ligaments are shown in 


blue. 


between the anterior borders of the tibia and 
the fibula immediately above the ankle joint. 
Beneath this ligament are the structures 
which pass from the front of the leg to the 
dorsum of the foot. With the exception of the 
tibialis anterior, which lies separately, they lie 
in one compartment. The structures from me- 
dial to lateral are: the anterior tibial muscle, 
the extensor hallucis longus, the anterior tibial 
vessels, the deep peroneal nerve, the extensor 
digitorum longus and the peroneus tertius 
(Figs. 772 and 773 B). The structures which 
pass over the superficial surface of this liga- 
ment are: the long saphenous vein, the saphe- 
nous nerve and the superficial peroneal nerve. 


Cruciate Ligament. The cruciate ligament is 
the lower division of the anterior thickening 
of deep fascia; it has been referred to as the 
inferior extensor retinaculum. It is the more 
important of the two. Its shape resembles the 
letter “Y,” the stem of the letter being the 
lateral part of the ligament (Figs. 771, 772 
and 773 B). The Y is placed on its side and 


lies across the dorsum of the foot close to the 
ankle joint. It is firmly attached to the anterior 
part of the upper surface of the calcaneum. 
The upper limb of the Y attaches to the medial 
malleolus; the lower part fuses with the deep 
fascia along the medial margin of the foot, 
and with the plantar fascia. The structures 
which pass beneath this ligament are identical 
with those passing under the transverse liga- 
ment. It splits to form 2 compartments. The 
medial of these is occupied by the tendon of 
the extensor hallucis longus; the lateral com- 
partment, by the peroneus tertius and the ex- 
tensor digitorum longus. Each compartment 
is lined with a synovial sheath. The vessels 
and the nerves pass deeply to the ligament. 
The ligament usually does not form a compart- 
ment for the tibialis anterior tendon, because 
the tendon runs either above or below the 
ligament. 


Laciniate Ligament. The laciniate ligament 
(internal lateral) bridges the hollow between 
the medial malleolus and the calcaneus, to 
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Fig. 773. The 5 binding bands around the ankle. 


both of which it is attached (Fig. 773 A). It 
has 4 borders and 2 surfaces. Of its borders, 
the upper is continuous with 2 layers of fas- 
cia—the deep fascia of the leg and the strong 
fascia which extends between the superficial 
and the deep muscles of the calf. The lower 
border is continuous with the medial part of 
the plantar aponeurosis. The lateral border 
is attached to the tuberosity of the calcaneus; 
and the medial, to the medial malleolus. Of 
its surfaces, the superficial is related to the 
medial calcaneal vessels and nerves, which 
first pierce it and then cross it; the deep sur- 
face is related to the tendons, the vessels and 
the nerves passing in back of the leg to the 
sole of the foot. These lie in a compartment, 


in the following order from before backward 
(Fig. 772): the posterior tibial tendon, the 
flexor digitorum longus, the posterior tibial ar- 
tery with its companion veins, the posterior 
tibial nerve and the flexor hallucis longus. 
Each tendon is supplied with a synovial sheath 
of its own. Under the lower part of this liga- 
ment the artery and the nerve both divide 
into medial and lateral plantar branches. 


Peroneal Retinacula (Superior and Infe- 
rior). The peroneal retinacula are 2 lateral 
thickened parts of the deep fascia; they also 
have been referred to as the external annular 
ligaments. They bridge the groove between 
the lateral malleolus and the calcaneus (Fig. 


Tendon Sheaths 


773 C). The superior peroneal retinaculum ex- 
tends from the calcaneus to the lateral malleo- 
lus and binds the 2 peronei, the longus and 
the brevis, to the back of the lateral malleolus. 
The brevis lies closer to the bone. The inferior 
peroneal retinaculum is attached to the outer 
surfaces of the calcaneus. It is divided into 2 
compartments by a septum which is attached 
to the peroneal tubercle. The superior reti- 
naculum forms a common compartment for 
the peronei, unlike the inferior retinaculum, 
which forms 2 compartments. 


Tendon Sheaths 


The tendon sheaths around the ankle joint are 
mucous sheaths which are placed anteriorly, 
medially, laterally and posteriorly. 


Anterior Sheaths. The anterior sheaths ap- 
pear as 3 separate structures (Fig. 774). They 
are: the sheath of the tibialis anterior, which 
extends from the upper border of the trans- 
verse ligament to just below the ankle joint; 
the sheaths of the extensor hallucis longus and 
of the extensor digitorum longus, which ex- 
tend from the malleoli to the base of the meta- 
tarsal bones. 


Medial Mucous Sheaths. The medial mucous 
sheaths are also 3 in number (Fig. 771 C): 
the sheath of the tibialis posterior, which ex- 
tends from about 2 inches above the medial 
malleolus to the insertion of the tendon at the 
navicular tuberosity; the sheaths of the flexor 
hallucis longus and the flexor digitorum lon- 
gus, which extend from the medial malleolus 
to the middle of the sole of the foot. Near 
the head of the metatarsal bones these ten- 
dons acquire new sheaths, resembling the ar- 
rangements seen in the fingers. 

Laterally, the peroneus longus and brevis 
are enclosed in a sheath which extends 2 
inches above the tip of the malleolus and 2 
inches below it (Fig. 771 B). Above the malleo- 
lus the tendons lie together in a single sheath, 
but where they diverge, the sheath provides 
each with a separate investment. 

Posteriorly, the tendo achillis has a sheath 
which extends about 3 inches upward from 
the insertion of the tendon to the calcaneus. 
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Fig. 774. The 3 tendon sheaths of the anterior as- 
pect of the ankle. 


Arteries 


The arteries around the ankle are mainly 3 
in number (Fig. 775): the anterior tibial, the 
posterior tibial and the peroneal. 


Anterior Tibial Artery. The anterior tibial ar- 
tery is continued beyond the line of the ankle 
joint as the dorsalis pedis (Fig. 779). Proximal 
to the joint line, the vessel is crossed by the 
tendon of the extensor hallucis longus. At a 
lower level it lies between the tendon of this 
muscle and the extensor digitorum longus. In 
the region of the ankle, it provides malleolar 
branches. 


Posterior Tibial Artery. The posterior tibial 
artery corresponds to the center of a line 
which connects the internal malleolus and the 
most prominent part of the heel. The artery 
terminates opposite the lower margin of the 
laciniate ligament, where it divides into me- 
dial and lateral plantar arteries. The calcaneal 
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Fig. 775. The arteries around the ankle, as seen from behind. 


branches supply the tissues at the medial side 
of the heel. 


Anterior Branch of the Peroneal Artery. The 
anterior branch of the peroneal artery crosses 
the ankle joint in front of the interosseous liga- 
ment between the lower ends of the tibia and 
the fibula. The anterior and the posterior tibial 
arteries and the peroneal artery form an anas- 
tomotic network about the ankle and the heel 
regions. 


Ankle Joint (Talocrural) 


The ankle joint is a synovial joint of the hinge 
variety which unites the foot to the leg. Its 
great strength and stability are ensured by 


surrounding powerful ligaments and tendons, 
as well as by a close interlocking of its articu- 
lating surfaces. Because of its hinge action, 
the to-and-fro movements of walking are pos- 
sible. When one walks, the triceps sural (both 
heads of the gastrocnemius and the soleus) 
raises the heel from the ground and produces 
plantar flexion of the ankle joint. The 4 ante- 
rior crural muscles cause the foot to clear the 
ground, and thus produce dorsiflexion of this 
joint. The malleoli grasp the sides of the talus, 
the latter transmitting the weight of the body 
to the tibia. The sharp tip of the lateral (fibular) 
malleolus can be felt a little less than 1 inch 
below the level of the blunt ending medial 
(tibial) malleolus. Since there are no muscles 
at the sides of the ankle, the malleoli are sub- 
cutaneous and may be palpated readily. With 


Ankle Joint (Talocrural) 


the exception of the tendo calcaneus, all ten- 
dons that cross the ankle joint (4 in front and 
5 behind) pass forward and become inserted 
into the foot anterior to the midtarsal joint. 


Bones 


The bones that enter into the formation of 
the ankle joint are the talus and the distal 
ends of the tibia and the fibula. 

The talus articulates with the bones of the 
leg by 3 of its surfaces: the upper, the medial 
and the lateral. The bones form a deep socket 
which receives the upper part of the talus. 


Tibia and Fibula. The roof of the joint is 
formed entirely by the tibia. As the 2 malleoli 
project downward, they grasp the talus firmly 
at each side, thus permitting only a slight de- 
gree of lateral or medial movement. The 
bones just mentioned are so intimately related 
with the tarsal bones and joints in the mechan- 
ics and the alignment of the ankle joint that 
it is impossible to isolate the ankle joint from 
the rest of the foot in either clinical or ana- 
tomic discussions (see Joints of the Foot, p. 


884). 


Ligaments 


Capsular Ligament. The bones that form the 
ankle joint are held together by a capsular 
ligament which is subdivided into anterior, 
posterior, lateral and medial ligaments (Fig. 
776). (See also diagram at top of page 871) 
The capsule is loose in front and behind and 
tight at the sides. Proximally, it is attached 
to the margins of the articular surfaces of the 
tibial and the fibular epiphyses and distally 
to the margins of the superior articular surface 
of the talus except at the anterior aspect of 
the joint, where it extends forward to the neck 
of the bone. The medial part of this capsule 
is greatly thickened and is named the deltoid 
ligament. It is triangular in shape, with its 
apex attached above to the tip of the medial 
malleolus. Its base has a more extensive at- 
tachment, extending from the tubercle of 
the navicular, the plantar calcaneonavicular 
(spring) ligament, the neck of the talus and 
the sustentaculum tali to the body of the talus. 
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Its medial surface is crossed by the tendons 
of the tibialis posterior and the flexor digito- 
rum longus (Fig. 776 B). If the foot is everted 
to an extreme degree, the deltoid ligament 
usually tears away from the medial malleolus 
rather than rupturing itself. It braces the 
spring ligament and helps to support the head 
of the talus and to preserve the arch of the 
foot. 


Lateral Ligament. This ligament is weaker 
and less complete. Most authors divide it into 
3 parts (Figs. 776 B and D). 

l. The calcaneofibular ligament extends 
downward and backward from in front of the 
apex of the lateral malleolus to the lateral sur- 
face of the calcaneus. These fibers are sepa- 
rated from the other fibers of the lateral liga- 
ment by some fatty and areolar tissues. The 
ligament is crossed by the peronei. 

2. The anterior talofibular ligament passes 
horizontally forward and inward from the an- 
terior aspect of the lateral malleolus to the 
lateral side of the neck of the talus. 

3. The posterior talofibular ligament extends 
inward behind the joint, from the inner sur- 
face of the lateral malleolus to the posterior 
process of the talus. It is the strongest of the 
3 bands and binds the fibula to the talus in 
a rigid manner. 

The anterior ligament of the ankle joint is 
a thin wide membrane which is composed 
chiefly of transverse fibers. It extends from 
the anterior margin of the distal surface of 
the tibia to the dorsal surface of the neck of 
the talus (Fig. 776 A). A cut across the foot 
immediately in front of the tibia will open 
the ankle joint at this point. 

The posterior ligament is the weakest of 
all the ankle ligaments. It is thin, sometimes 
defective and difficult to define. It extends 
from the posterior border of the distal end 
of the tibia to the posterior surface of the talus. 
The tendon of the flexor hallucis longus acts 
as a strong posterior support for the joint. 


Synovial Membrane 


The synovial membrane lines the capsular 
ligament and covers the intracapsular portion 
of the neck of the talus (Fig. 772). It passes 
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Fig. 776. The ligaments around the ankle joint. 


up between the tibia and the fibula for about 
% inch and extends well forward onto the 
neck of the talus. A puncture wound or super- 
ficial incision made in front of the joint may 
enter the joint cavity. The membrane is lax 
in front and behind where it is covered by 


the anterior and the posterior ligaments, at 
which points the capsular ligament is thin and 
loose. It is continuous with the synovial mem- 
brane of the distal tibiofibular joint. A joint 
effusion bulges the synovial membrane and 
the weak capsule anteriorly and posteriorly. 
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Relations (Figs.772 and 777). 

Anterior. From the medial to the lateral 
The nerves to the ankle joint are derived from side lie the tibialis anterior, the extensor hallu- 
the anterior and the posterior tibial nerves. cis longus, the anterior tibial vessels, the ante- 
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Fig. 777. Cross sections through the ankle and the foot: (A) section taken through the malleoli; (B) 
section taken through the calcaneus and the talus. 
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Fig. 778. Amputation through the ankle joint (Syme). 


rior tibial nerves, the extensor digitorum lon- 
gus and the peroneus tertius. The perforating 
branch of the peroneal vessels is found on the 
lateral malleolus. The inferior extensor reti- 
naculum crosses the joint obliquely. The super- 
ficial structures which are found in this region 
are the branches of the musculocutaneous 
nerve, the superficial vessels, the long saphe- 
nous vein and the saphenous nerve on the 
medial malleolus. 

Posterior. The tendo calcaneus is separated 
from the posterior ligament by an interval of 
fatty areolar tissue which contains small ves- 
sels. Between the joint and the tendon are 
found the flexor hallucis longus, the posterior 
tibial nerves and vessels, and the flexor digito- 
rum longus, the latter structures being named 
in a lateromedial order. The vessels and the 
nerves are more superficial than the 2 flexors 
and overlap them. All of these structures are 
maintained in position by the flexor retinacu- 
lum. 

Medial. The tibialis posterior lies on the 
deltoid ligament above the sustentaculum tali, 
and the flexor digitorum longus lies on the 
attachment of that ligament to the sustentacu- 
lum. The flexor retinaculum overlies the ten- 
don. 

Lateral. The peroneus brevis lies on the 
posterior talofibular ligament and separates 
the peroneus longus from it. Its tendons are 
held down by a retinaculum of deep fascia; 
they have a common synovial sheath. The ter- 


mination of the peroneal artery anastomoses 
with its perforating branch on this side of the 
joint. More superficially are the short saphe- 
nous vein and the sural nerve. 


Movements 


The movements of the ankle joints involve 
the joints of the foot as well. Inversion and 
eversion of the foot are effected by plantar 
flexion (true flexion) and dorsiflexion (exten- 
sion). Plantar flexion and dorsiflexion are ef- 
fected mainly at the ankle joint between the 
talus, the tibia and the fibula. Dorsiflexion is 
limited by the lengthening of the calf muscles; 
if the knee is flexed, the range of movement 
is greater. Plantar flexion is produced by the 
gastrocnemius, the soleus and the flexor hallu- 
cis longus; it also is produced to a minor de- 
gree by the tibialis posterior, the peroneus 
longus and the plantaris muscles. When the 
foot is moved so that the sole faces medially, 
the movement is described as inversion; the 
contrary movement is eversion. Inversion of 
the foot is brought about by the action of the 
tibialis anterior and the tibialis posterior; ever- 
sion is accomplished by the peronei longus, 
the brevis and the tertius. A greater range 
of inversion may be produced when the ankle 
joint is plantar flexed; this is due apparently 
to an increased range of metatarsal move- 
ment. The 5 tendons which pass behind the 
ankle are situated too close to the axis of the 
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joint to act on it; therefore, if the tendo calca- 
neus is cut, the power to plantar flex is lost. 


Surgical Considerations 


Syme’s Amputation through the Ankle 
Joint 


This is a disarticulation with removal of both 
malleoli and the articular surface of the tibia. 
The incision passes under the heel, from the 
tip of the lateral malleolus to a corresponding 
point on the medial malleolus (Fig. 778). The 
distal ends of the tibia and the fibula are ex- 
posed, and these bones are sectioned about 
l cm. proximal to their articular surfaces. The 
terminal branches of the peroneal vessels and 
the posterior tibials should be preserved. The 
anterior tendons are united to the calcaneus 
tendon or to the periosteum of the tibia. This 
amputation provides a good end-bearing 
stump, but it is difficult to fit with a prosthesis 
without producing a wide and ugly-looking 
ankle. 

In the Pirogoff amputation, the posterior 
portion of the calcaneus is sawed off and ap- 
proximated to the sawed end of the tibia and 
the fibula. Therefore, it is a modified Syme’s 
amputation, the only difference being that 
part of the calcaneus is retained and brought 
into contact with the divided lower ends of 
the tibia and the fibula. 
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Dislocations of the Ankle Joint 


Dislocations of the ankle joint (between the 
talus and the tibia and the fibula) are classified 
according to the direction in which the foot 
passes: namely, backward, forward, medial, 
lateral or upward. 

Lateral and medial displacements occur in 
association with Pott’s fracture or fractures of 
the malleoli. 

In forward (anterior) dislocation, the liga- 
ments or malleoli are torn, the heel is short- 
ened and the distance from the malleoli to 
the heel is diminished; the distance from the 
malleoli to the toes, however, is increased. The 
foot appears to be lengthened, the normal hol- 
lows at the sides of the tendo achillis are oblit- 
erated, and the talus may be felt in front of 
the tibia. The malleoli appear to lie nearer 
the sole. 

Backward dislocation is the most frequent 
type; this may be associated with a Pott’s frac- 
ture. It results from extreme plantar flexion 
of the foot which tears the ligaments. Involve- 
ment of the malleoli and the posterior articu- 
lar edge of the tibia is usually present. The 
foot appears to be shortened, and the heel 
is prominent. The malleoli appear somewhat 
anteriorly. The distance from the malleoli to 
the heel is increased, while that from the mal- 
leoli to the toe is diminished. 

Reduction is easy if the knee is bent to relax 
the tendo achillis and if proper traction and 
counter traction are applied. 


SECTION 9 INFERIOR EXTREMITY 


Chapter 48 


Foot 


The foot, which is triangular in outline, ex- 
tends from the point of the heel to the root 
of the toes (Fig. 779). It is divided into the 
tarsus (posterior half) and the metatarsus (an- 
terior half). The landmarks which are visible 
over the lateral aspect are thin in contrast 
with the more bulky medial markings. 


Lateral, Medial, and Dorsal 
Aspects 


Lateral Aspect. The lateral margin of the 
foot rests in contact with the ground over its 
entire extent. Near the middle of this border, 
the tuberosity of the base of the 5th metatarsal 
bone affords a landmark for the tarsometatar- 
sal joint (Lisfranc). If a line is constructed be- 
tween the tuberosity of the base of the 5th 
metatarsal and the tip of the lateral malleolus, 
and a point just anterior to the middle of this 
line is marked, the cuboid midtarsal joint 
(Chopart) is located. 


Medial Aspect. The medial aspect of the foot 
is arched, in contrast with the flat appearance 
of the lateral border. The medial border rests 
on the ground only at the heel and the ball 
of the great toe. The sustentaculum tali is lo- 
cated about 1 inch below the medial malleo- 
lus. A definite prominence produced by the 
tuberosity of the navicular bone is felt by 
pressing l inch in front of and slightly below 
the level of the medial malleolus. This latter 
tuberosity is a useful surgical guide; it is the 
principal point of insertion of the tibialis pos- 
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terior tendon. The depression that is below 
and behind it is a guide to the talonavicular 
joint. 

Dorsal Aspect. The dorsum of the foot re- 
veals a very thin skin, which is much less sensi- 
tive than that on the plantar surface. The sub- 
cutaneous tissue over the dorsum is very loose, 
so that edema becomes quite prominent in 
this region. The veins are arranged in an arch, 
the outline of which is apparent when one 
is in the erect posture. The large and the small 
saphenous veins arise from the marginal veins 
of this arch. The tendons in front of the ankle 
can be traced over this surface to their inser- 
tions. The tendon of the extensor hallucis lon- 
gus passes forward to the great toe, and the 
tendons of the extensor digitorum longus pass 
to the 4 lateral toes. A fleshy muscular mass, 
the extensor digitorum brevis muscle, can be 
felt on the posterolateral aspect of the dorsum. 
The tendon of the peroneus brevis muscle 
passes forward under the lateral malleolus to 
its insertion into the tuberosity of the 5th 
metatarsal. The dorsalis pedis artery, a continu- 


ation of the anterior tibial artery, may be indi- 


cated on the surface by a line drawn midway 
between the 2 malleoli to the posterior ex- 
tremity of the first interosseous space. To the 
lateral side of this vessel is the anterior tibial 
nerve. 


Sole of the Foot (Plantar Surface) 


Skin. The skin is thicker on the sole of the 
foot than it is over the dorsum. It is particu- 
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Fig. 779. The foot seen in cross-sectional views. 


larly thick over those points which bear 
weight (heel, ball of the big toe and lateral 
margins of the sole). Like the palm of the 
hand, it is highly sensitive and contains nu- 
merous sweat glands. 


Cutaneous Nerves. The cutaneous nerves are 
arranged in the following way (Fig. 780): the 


medial plantar nerve supplies the 3% digits 
on the big-toe side of the foot, as the median 
nerve supplies the 3% digits on the thumb 
of the hand; the lateral plantar nerve, which 
corresponds to the ulnar nerve of the hand, 
supplies the remaining 1% digits. The medial 
calcaneal branches of the posterior tibial 
nerve supply the skin under the heel. 
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Fig. 780. The cutaneous nerve supply of the foot: (A) the dorsum of the foot; (B) the plantar surface 


of the foot. 


Superficial Fascia. The superficial fascia be- 
comes thick and tough along the lateral bor- 
der, on the ball of the foot and at the heel. 
Traversing it are small but tough fibrous bands 
which subdivide the fatty tissue into small lob- 
ules; these bands also connect the skin with 
the deep fascia. 


Deep Plantar Aponeurosis (Deep 
Fascia) 


The deep (plantar) fascia arrangement resem- 
bles that of the hand (Fig. 781). It lies superf- 
cial to the vessels, the nerves, the muscles and 
the tendons, and consists of 3 portions: rela- 
tively thin medial and lateral parts and a very 
dense and strong intermediate part. This 
thickened strong central part is known as the 
plantar aponeurosis. It forms a dense fibrous 
sheet which is attached posteriorly to the cal- 
caneus and widens anteriorly to divide into 
five slips, one for each toe. (The palmar apo- 
neurosis of the hand divides into 4 slips, one 
for each finger, but none for the thumb.) 
Therefore, the great toe has a different rela- 
tionship to this fascia than that of the thumb 
to the deep fascia of the palm; hence its mobil- 
ity is diminished as compared with that of the 
thumb. The slips to the toes are connected 
to the fibrous flexor sheaths and to the sides 
of the metatarsophalangeal joints. 


Fibrous Flexor Sheaths. On each toe the deep 
fascia is thickened to form curved plates called 
the fibrous flexor sheaths; these hold the flexor 
tendons against the phalanges. They are 
strong and dense opposite the phalanges but 
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Fig. 781. The plantar fascia. 


Sole of the Foot (Plantar Surface) 


are thin and weak opposite the joints, so that 
movements are not hindered. These sheaths 
are attached to the margins of the phalanges 
and to the plantar ligaments and form with 
them a tunnel which is occupied by the long 
and the short flexor tendons. This tunnel is 
lined with the synovial sheath that envelops 
the tendons. 

The medial division of the deep fascia cov- 
ers the abductor hallucis muscle; the lateral 
part of the fascia extends between calcaneus 
and the tuberosity of the 5th metatarsal. 


Muscles and Tendons 


The muscles and the tendons of the sole of 
the foot are arranged in 4 layers which are 
separated by fascial partitions; in these the 
plantar nerves and vessels run (Fig. 782). Only 
the muscles of the first layer cover the whole 
extent of the sole. The muscles of the second 
layer are all connected to the flexor digitorum 
longus tendon and form an X-shaped figure, 
so that on each border of the foot the first 
and the third layers come into contact with 
each other. 

First Layer of Muscles. This consists of the 
abductor hallucis, the flexor digitorum brevis 
and the abductor digiti quinti (Fig. 782 A). 
The flexor digitorum brevis divides into 4 ten- 
dons which pass to the 4 lateral toes and be- 
come inserted into the middle phalanges. The 
abductor hallucis is inserted into the medial 
side of the base of the proximal phalanx of 
the great toe, and the abductor digiti minimi 
is inserted into the lateral side of the base 
of the proximal phalanx of the little toe (Fig. 
784). The names of these muscles indicate 
their actions. The lateral plantar nerve sup- 
plies the abductor digiti minimi, and the other 
2 muscles are supplied by the medial plantar 
nerve. 


Second Layer of Muscles. This consists of the 
flexor digitorum longus, the flexor accessorius 
(quadratus plantae), the lumbricales and the 
flexor hallucis longus (Fig. 782 B). 

Flexor digitorum longus tendon. This ten- 
don passes forward and laterally from the me- 
dial flexor retinaculum. At first it lies on the 
medial side of the sustentaculum tali, and then 
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it crosses superficial to the flexor hallucis lon- 
gus tendon, which separates it from the plan- 
tar calcaneonavicular ligament. This tendon 
constitutes the central structure in this layer 
of muscles. It should be recalled that this ten- 
don has crossed superficially to the tendon of 
the tibialis posterior at the back of the medial 
malleolus (Fig. 773 A); it now appears from 
under cover of the abductor hallucis and 
crosses superficially to the tendon of the flexor 
hallucis longus. Therefore, it appears superf- 
cial at 2 points—once where it crosses the 
tibialis posterior and again where it crosses 
the flexor hallucis longus. As it receives the in- 
sertion of the flexor digitorum accessorius, it 
divides into 4 tendons for the lateral 4 toes. 
These tendons resemble those of the flexor 
digitorum profundus in the hand, since they 
pass through rings made by the splitting of 
the fibers of the short flexor tendon and then 
pass on to become inserted into the distal pha- 
langes (Fig. 782 B). 

Flexor digitorum accessorius muscle. This 
muscle arises by 2 heads—one from each side 
of the calcaneus. The medial head, which is 
wide and fleshy, arises from the medial surface 
of the calcaneus. The lateral head, which is 
narrow and tendinous, arises from the lateral 
margin of the plantar surface of the bone. It 
inserts into the tendon of the flexor digitorum 
longus, in the region of the middle of the sole, 
and acts as a flexor of the toes (Fig. 782 B). 
It is supplied by the lateral plantar nerve. 

Lumbricales. The lumbricales are 4 in 
number and are more slender than those of 
the hand. They arise from the tendons of the 
flexor digitorum longus and proceed to the 
4 lateral toes, where each is inserted into the 
medial side of the dorsal expansion of the cor- 
responding extensor tendons. The lumbricalis 
to the 2nd toe arises from only one tendon, 
the tendon of the 2nd toe, but the other 3 
lumbricales arise in a bipennate manner from 
the adjacent sides of the tendons to the 2nd 
and the 3rd, the 3rd and the 4th, and the 
4th and the 5th toes. The Ist, or most medial, 
lumbricalis is supplied by the medial plantar 
nerve; the other 3 are supplied by the lateral 
plantar nerve. These muscles flex the toes at 
the metatarsophalangeal joints and extend 
them at the interphalangeal joints. 
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Fig. 782. The 4 layers of muscles and tendons of the sole of the foot. 


Sole of the Foot (Plantar Surface) 


Flexor hallucis longus tendon. This ten- 
don, after supplying a slip to the tendon of 
the flexor digitorum longus, passes forward to 
the big toe, where it inserts into the base of 
the terminal phalanx. It crosses deeply to the 
tendon of the flexor digitorum longus and lies 
below the lateral part of the plantar calcaneo- 
navicular ligament. Its name indicates its ac- 
tion; it receives its nerve supply on the back 
of the leg from the posterior tibial nerve. 


Third Layer of Muscles. This consists of the 
flexor hallucis brevis, the adductor hallucis 
(oblique and transverse heads) and the flexor 
digiti quinti brevis (Fig. 782 C). The muscles 
of this layer are limited to the anterior part 
of the foot. A plan of origin of these muscles 
may be remembered if it is recalled that the 
base of each of the 5 metatarsal bones gives 
origin to a muscle; therefore, the lst gives rise 
to the flexor hallucis brevis; the 2nd, the 3rd 
and the 4th to the adductor hallucis (oblique 
head) and the 5th to the flexor digiti quinti. 

Flexor hallucis brevis muscle. This muscle 
covers the plantar aspect of the first metatar- 
sal; its belly divides into 2 heads. The medial 
head is inserted, in common with the abductor 
hallucis, into the medial side of the base of 
the proximal phalanx of the hallux, and the 
lateral head is inserted into the lateral side 
of the same bone in common with the adduc- 
tor (Fig. 784). A sesamoid bone usually is de- 
veloped in each tendon of insertion; it flexes 
the first metatarsophalangeal joint. The nerve 
supply to this muscle derived from the medial 
plantar nerve. 

Adductor hallucis muscle. This muscle re- 
sembles the adductor pollicis in that it has 
oblique and transverse heads. It arises from 
the 2nd, the 3rd and the 4th metatarsal bones 
and is inserted in common with the lateral 
head of the flexor hallucis brevis. The trans- 
verse head is a small muscle bundle which 
is located under the heads of the metatarsal 
bones. It arises from the plantar ligaments of 
the 3rd, the 4th and the 5th metatarsophalan- 
geal joints and is inserted in common with 
the preceding muscle. The nerve supply is 
derived from the lateral plantar nerve. 

Flexor digiti quinti brevis muscle. This 
muscle is the short flexor of the little toe. It 
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is a single fleshy muscle slip which arises from 
the base of the 5th metatarsal bone and the 
peroneus longus tendon. It inserts into the lat- 
eral side of the base of the proximal phalanx 
of the little toe and flexes the little toe at the 
metatarsophalangeal joint. It is supplied by 
the lateral plantar nerve. 


The Fourth Layer of Muscles. This consists 
of the interossei (plantar and dorsal), the ten- 
don of the peroneus longus and the tendon 
of the tibialis posterior (Fig. 782 D). 

Plantar and dorsal interossei. The interos- 
sei are 7 interosseous muscles—3 plantar and 
4 dorsal. As in the hand, the dorsal are abduc- 
tors, and the plantar are adductors; but the 
line of action passes through the 2nd digit and 
not the 3rd, as in the hand. They lie between 
the metatarsal bones and arise from them. 
They abduct and adduct the lateral 4 toes to 


-and from the middle line of the 2nd toe and 


also aid in flexion of the metatarsophalangeal 
joints. 

The 3 plantar interossei arise from the plan- 
tar and the medial surfaces of the lateral 3 
metatarsal bones, and each is inserted onto 
the medial side of the corresponding toe. They 
are so placed that they adduct the lateral 3 
toes toward the 2nd toe. 

The 4 dorsal interossei arise by 2 heads 
from the dorsal parts of the sides of the meta- 
tarsal bones between which they lie. They are 
inserted in the following manner (Fig. 784): 
the lst on the medial side of the 2nd toe, the 
2nd on the lateral side of the same toe, the 
3rd on the lateral side of the 3rd toe, and 
the 4th on the lateral side of the 4th toe. By 
this arrangement, they abduct the 2nd, the 
3rd and the 4th toes from the midline of the 
2nd toe. 

Peroneus longus tendon. This tendon runs 
obliquely and medially across the sole of the 
foot, in the groove on the plantar surface of 
the cuboid bone, to become inserted into the 
base of the lst metatarsal bone and the adjoin- 
ing part of the medial cuneiform. It is held 
in place by a strong fibrous sheath which is 
derived from the long plantar ligament. This 
tendon is situated below the transverse arch 
of the foot and, by taking the strain off the 
interosseous ligaments, it aids in maintaining 
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the arch. Together with the tendon of the 
tibialis anterior, it forms a tendon sling for the 
anterior part of the tarsus. The common syno- 
vial sheath which envelops the peronei longus 
and brevis, behind the malleolus, commonly 
is continued with the synovial sheath of the 
longus into the sole of the foot. Therefore, 
any injury to either tendon in the region of 
the ankle may find a pathway into the sole 
by means of the sheath. The peroneus longus 
is an evertor of the foot. It is supplied by 
the superficial peroneal (musculocutaneous) 
nerve. 

Tibialis posterior tendon. After the tibialis 
posterior tendon enters the sole, it divides into 
2 parts. The medial is the larger part and in- 
serts into the tuberosity of the navicular bone; 
the lateral part divides into slips which spread 
out from it to every bone of the tarsus except 
the talus and also to the bases of the 2nd, the 
3rd and the 4th metatarsal bones (Fig. 784). 
The tendon lies on the plantar surface of the 
so-called spring ligament (calcaneonavicular) 
(Fig. 777 C). This muscle is an evertor and 
flexor of the foot. Because of its close associa- 
tion with the spring ligament, it is of some 
importance in supporting the arch. It is sup- 
plied by the posterior tibial nerve. 


Arteries 


The posterior tibial artery divides into the lat- 
eral and the medial plantar arteries at the dis- 
tal border of the laciniate ligament (Fig. 783). 
Lateral Plantar Artery. The lateral plantar 
artery is larger than the medial and is consid- 
ered the continuation of the posterior tibial. 
It appears from under cover of the abductor 
hallucis muscle and, with its companion nerve, 
runs forward and laterally between the lst 
and the 2nd layers of muscles (flexor digitorum 
brevis and flexor accessorius) (Fig. 783 A). It 
then dips deeper as it continues medially be- 
tween the 3rd and the 4th layers (adductor 
hallucis obliquus and the interossei) (Fig. 783 
B). At the back end of the first intermetatarsal 
space it anastomoses with the profunda 
branch of the dorsalis pedis artery (anterior 
tibial), thus forming a deep plantar arterial 
arch. In the first part of its course the artery 
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gives off calcaneal branches to the skin of the 
heel and muscular and cutaneous branches 
to the skin of the sole of the foot. 

The plantar arch gives off perforating 
branches, which pass upward through the lat- 
eral 3 intermetatarsal spaces, and plantar digi- 
tal arteries to the lateral 3 clefts and the lateral 
side of the little toe. The arteria magna hallu- 
cis supplies the cleft between the great toe 
and the 2nd toe, and sends a branch to the 
medial side of the former; it is derived from 
the dorsalis pedis at its point of union with 
the plantar arch. 


Medial Plantar Artery. The medial plantar 
artery varies in size but usually is small. It is 
accompanied by its venae comitantes and 
passes along the medial side of the medial 
plantar nerve. It ends by joining the digital 
branch which the first metatarsal artery sends 
to the medial side of the big toe. 


Nerves 


Medial Plantar Nerve. The medial plantar 
nerve arises from the posterior tibial nerve; 
it corresponds to the median nerve of the 
hand (Fig. 783). It passes forward into the sole 
of the foot, under cover of the abductor hallu- 
cis muscle, accompanied by the medial plan- 
tar vessels, which are on its medial side. 
Reaching the lateral border of the abductor 
hallucis muscle, the nerve runs forward in the 
interval between that muscle and the flexor 
digitorum brevis. It supplies sensory branches 
to the inner side of the sole of the foot, to 
the plantar aspect of the 3% inner toes and 
to the corresponding dorsal surfaces of the last 
1% to 2 phalanges. It supplies the motor 
branches to 4 muscles also: the abductor hallu- 
cis, the flexor digitorum brevis, the flexor hal- 
lucis brevis and the first lumbricalis. 


Lateral Plantar Nerve. The lateral plantar 
nerve is the smaller of the 2 terminal branches 
of the posterior tibial nerve; it corresponds 
to the ulnar nerve of the hand. It reaches the 
outer side of the foot with its accompanying 
artery by passing between the flexor digito- 
rum brevis and the quadratus plantar (be- 
tween layers 1 and 2). It then divides into 
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Fig. 783. The vessels and the nerves of the sole of the foot: (A) superficial dissection; (B) deep dissection. 


superficial and deep branches, which supply 


Bones 
the outer 1% toes and all the remaining small 
muscles of the foot, namely, the 3 lumbricales, 
all the interossei, the abductor minimi digiti, Tarsus 


the adductor transversus and the obliques. 
It should be noted that the lateral and the 
medial plantar vessels and nerves, plus 3 ten- 
dons, enter the sole of the foot on its medial 
side by passing deep to the abductor hallucis 
muscle; therefore, this muscle is an important 
landmark. It must be reflected, and the plan- 
tar vessels displaced before the flexor hallucis 
longus tendon can be seen where it lies in 
the groove between the 2 tubercles of the 
talus and winds under the sustentaculum tali. 


The tarsus consists of 7 tarsal bones which may 
be divided conveniently into a posterior row 
(talus and calcaneus), a middle row (navicular) 
and an anterior row (3 cuneiform bones and 
the cuboid) (Figs. 784 and 785). 


Posterior Row. The talus (astragalus, ankle 
bone) is discussed also in the region of the 
ankle joint (p. 869). It rests on the anterior 
two thirds of the calcaneus and has a body, 
a neck and a head. It lies below the tibia, sits 
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Fig. 784. The bones of the foot and the toes: (A) seen from below; (B) seen from above. The muscular 


origins are shown in red; the insertions, in blue. 


on the upper surface of the calcaneus and is 
gripped by the 2 malleoli. The head of the 
bone is anterior and articulates with the na- 
vicular; below, it rests on the plantar calcaneo- 
navicular (spring) ligament and the calcaneus. 
If the foot is inverted (so that the sole faces 
medially) the head of the talus is felt as a 
rounded prominence about 1 inch in front of 
the lateral malleolus. The neck is the con- 
stricted portion of the bone which is rough- 
ened by the attachment of ligaments. The 
body is hidden below by the tibia and is 
grasped between the malleoli at each side. 
The posterior surface of the body has 2 tuber- 
cles—a medial and a posterior—separated by 
a groove for the flexor hallucis longus tendon. 

The calcaneus (os calcis) is the heel bone. 
It has a long, arched, anterior two thirds which 
supports the talus; the posterior one third 


forms the prominence of the heel, which rests 
on the ground. The anterior surface articu- 
lates with the cuboid, and the posterior third 
of the upper surface is saddle-shaped. The lat- 
eral surface is almost entirely subcutaneous; 
it is felt easily below the lateral malleolus as 
a wide surface that extends forward about 2 
inches from the back of the heel. On the me- 
dial side, the sustentaculum tali is palpable. 
It is a horizontal projecting shelf which pro- 
vides the bony resistance felt about a thumb’s 
breadth below the medial malleolus. 


Middle Row. The navicular bone (scaphoid) 
is on the medial side of the foot. It articulates 
with the head of the talus posteriorly and with 
the 3 cuneiforms anteriorly. On its medial side 
is its tuberosity, which is useful as a landmark. 
This tuberosity forms a prominence which is 
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Fig. 785. Side views of the bones of the right foot: (A) lateral view; (B) medial view. 


felt easily about 1 inch below and in front 
of the medial malleolus, midway between the 
back of the heel and the root of the big toe. 


Anterior Row. The 3 cuneiform bones are 
termed the first (medial), the second (interme- 
diate) and the third (lateral). They articulate 
with the navicular posteriorly and with the 
first 3 metatarsals anteriorly. They are wedge- 
shaped, are placed side by side and articulate 
with each other. The lateral cuneiform articu- 
lates with the cuboid and the 4th metatarsal, 
while the intermediate and the medial cunei- 
forms grip the base of the 2nd metatarsal be- 
tween them. Since the 2nd cuneiform is 
shorter than the other two, the base of the 
2nd metatarsal articulates on its medial and 
lateral sides with the lst and the 3rd cunei- 
forms, respectively. 

The cuboid lies on the lateral side of the 
foot and articulates posteriorly with the calca- 
neus and anteriorly with the 4th and the 5th 
metatarsals. Its medial surface articulates with 
the 3rd cuneiform and the navicular, and its 
plantar surface presents an oblique groove 
which lodges the tendon of the peroneus lon- 
gus. 

Webster and Roberts have stressed the im- 
portance of tarsal anomalies as the most com- 


mon cause of peroneal spastic flat foot. Partic- 
ularly stressed is the anomaly that consists of 
a calcaneonavicular bar or a talocalcaneal 
ridge. Therefore, these anomalies become of 
practical importance. 


Metatarsus 


The metatarsus is composed of 5 metatarsal 
bones, which are numbered 1 to 5 from me- 
dial to lateral. Each bone has a head or distal 
end, a body or midportion and a base or proxi- 
mal end. The bases of the lst, the 2nd and 
the 3rd metatarsals articulate with the 3 cu- 
neiforms, and the bases of the 4th and the 
5th with the cuboid. These bases also articu- 
late with each other; the heads articulate with 
the proximal phalanges. The bodies present 
a triangular shape on section and are concave 
in their long axes on the plantar surfaces. The 
lst metatarsal is the shortest and the stoutest, 
and in the majority of people its head extends 
as far forward as that of the 2nd metatarsal. 
The metatarsal bones can be felt individually 
through the anterior part of the tarsus under 
the extensor tendons. The base of the 5th 
metatarsal lies proximal to the main metatarsal 
joint line and forms a prominent landmark 
on the outer margin of the foot. 
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Toes 


The toes are numbered from medial to lateral, 
but the lst toe is called the hallux, and the 
little toe, the digitus minimus. The bones of 
the toes are the phalanges. The big toe has 
2 phalanges, but all of the others have 3: a 
proximal, a middle and a distal phalanx. Each 
proximal phalanx articulates with the head of 
a metatarsal bone to form the metatarsopha- 
langeal joint. The middle phalanx articulates 
with the other two to form the interphalan- 
geal joints. The proximal end of each phalanx 
is called its base, and its distal end is its head. 


Accessory Bones 


The accessory bones of the foot are of practical 
importance, since they may be mistaken on 
x-ray films for fractures. Although similar 
bones occur in the hand, they are so seldom 
seen on the x-ray film that they cannot com- 
pare in importance with those of the foot. Ac- 
cessory bones have been divided into 2 classes: 
(1) the sesamoids, which are regular constitu- 
ents of the skeleton, and (2) the true accessory 
bones, which are small occasional ossicles that 
occur in definite sites. In the vast majority 
of cases they are bilateral; hence the impor- 
tance of examining both feet by x-ray. They 
occur in about 25 per cent of human feet 
(Pfitzner). McGregor lists the following 20 ac- 
cessory bones of the feet (Fig. 786): 


. Os tibiale externum 

. Os trigonum (accessory astragalus) 

Os vesalianum tarsi 

. Secondary os calcis 

Secondary cuboid 

. Astragaloscaphoid bone of Pirie 

. Intermetatarseum 

. Os intercuneiforme 

. Os paracuneiforme of Cameron and Car- 
lier 

10. Os uncinatum 

11. Astragalus secundarius 

12. Os subtibiale 

13. Os sustentaculum proprium 

14. Peroneal process of the os calcis 

15. Sesanum peroneum 
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Fig. 786. The accessory bones of the foot. 


16. Sesamoid of the flexor hallucis brevis 
17. Trochlear process of the head of the as- 
tragalus 
18. Process from the middle of the upper sur- 
face of the astragalus 
19. Spurs of the os calcis 
20. Spurs of the phalanges 

The phalangeal spurs are found on any of 
the distal phalanges, especially those of the 
great toe. They may grow from either side 
of the base of the phalanx and rarely, if ever, 
cause symptoms. 


Joints and Ligaments 


Tarsal Joints 


Six tarsal joints will be discussed (Fig. 787). 
1. The talocalcaneal joint is situated between 
the large facet on the lower surface of the 
talus and the corresponding facet on the mid- 
dle of the upper surface of the calcaneus. It 
possesses a capsular ligament which is at- 
tached to the margins of the articular areas of 
the 2 bones. Anteriorly, its capsule blends with 
the interosseous ligament, which firmly binds 
the 2 bones together. This ligament is at- 


Joints and Ligaments 


wT) 


ee 






~ The 


ee 


a 


= 


i 


Pene 


tS Oe aon 
F PA m = 


885 


paa 


{e 





i 
= 


~ 





Fig. 787. The 6 tarsal joints. Some of the associated ligaments also are shown. 


tached to the inferior surface of the neck of 
the talus above and to the upper surface of 
the calcaneal joint. The capsular ligament, 
which is attached to the bones near its margins 
of the articular facet, is divided into anterior, 
posterior, lateral and medial talocalcaneal 
ligaments. They are composed of short fibers, 
except the anterior, which is a continuation 
of the interosseous talocalcaneal ligament. 

2. The talocalcaneonavicular joint is consid- 
ered the most important of the tarsal joints. 
It is situated between the rounded head of 
the talus and a socket formed for it by the 
posterior surface of the navicular, the upper 
surface of the spring ligament and the susten- 
taculum tali. The medial end of the ligamen- 
tum bifurcatum completes the lateral side of 
the socket; this ligament extends between the 
anterior part of the superior surface of the 
calcaneus and the lateral side of the navicular. 
This 3-boned joint conforms to a ball-and- 
socket variety; unlike other joints of that vari- 
ety, its socket is not rigid. The joint is situated 
at the summit of the longitudinal arch of the 
foot. Its maintenance in a normal position is 
dependent upon the structures which protect 


the longitudinal arch. The plantar calcaneo- 
navicular (spring) ligament passes between 
the anterior border of the sustentaculum tali 
and the navicular and is in contact with the 
inferomedial part of the head of the talus. 
Some authors prefer to talk about the “‘subas- 
tragaloid” joint, which is a large region of ar- 
ticulation between the talus above and the 
calcaneus and the navicular below and in 
front. The talus is not a keystone bone; since 
it is not wedged in between the calcaneus and 
the navicular, free movement is possible. In 
the talocalcaneal segment, the undersurface 
of the talus articulates with the anterior and 
the posterior facets of the calcaneus. The ante- 
rior talocalcaneal joint is continuous with the 
talonavicular joint. The 2 parts of the joint 
are separated by the strong interosseous talo- 
calcaneal ligament. 

3. The calcaneocuboid joint is a distinct joint, 
formed by the anterior surface of the calca- 
neus, which articulates with the posterior sur- 
face of the cuboid. Its cavity does not commu- 
nicate with the cavities of neighboring joints. 
It has a capsular ligament which is strength- 
ened inferiorly by the long and the short plan- 
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tar ligaments. The long plantar ligament, 
which lies superficial to the short, is attached 
posteriorly to the plantar surface of the calca- 
neus as far forward as its anterior tubercle 
(Fig. 788). In front it attaches to the ridge of 
the cuboid, but some fibers are continued on- 
ward to the bases of the 3rd, the 4th and the 
5th metatarsal bones and thus bridge over the 
groove in which the peroneus longus tendon 
lies. The short plantar ligament is attached 
to a groove at the undersurface of the calca- 
neus and to the ridge forming the posterior 
boundary of the groove on the cuboid. 

The talocalcaneonavicular and the calca- 
neocuboid joints together form the transverse 
tarsal joint. This articulation plus the talocal- 
caneal joint are involved in the movements 
of inversion and eversion. The 2 joints that 
form the transverse tarsal joint do not commu- 
nicate with each other; they lie in almost the 
same coronal plane. This plane is indicated 
by a line drawn from a point immediately be- 
hind the tuberosity of the navicular to a point 
¥4 inch behind the base of the 5th metatarsal. 
4. The cuneonavicular joint is formed by the 
navicular bone behind and the 3 cuneiforms 
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in front. Its cavity is continuous with the joint 
cavity of the metatarsocuneiform and the cor- 
responding intermetatarsal joints. When the 
navicular and the cuboid bones come into con- 
tact with each other, the cubocuneiform joint 
also is continuous with the joint cavity of the 
cuneonavicular. The capsular ligament of the 
joint is strengthened by the dorsal and the 
plantar ligaments. 

5. The cubometatarsal joint articulates with 
the 2 lateral metatarsal bones. In this way, 
the joint is placed between the cuboid bone 
behind and the bases of the 4th and the 5th 
metatarsal bones in front. 

6. The tarsometatarsal joint exists between 
the base of the big toe metatarsal and the first 
cuneiform. Like the corresponding joint of the 
hand, it is an independent joint with a sepa- 
rate synovial lining. 


Other Joints 


Tarsometatarsal Joints. The tarsometatarsal 
joints form an oblique line which runs later- 
ally and backward across the foot from the 
lst to the 5th joints. Because of the shortness 





Fig. 788. The ligaments and other supporting structures of the foot. (A) The right foot seen from below. 
(B) The peroneus longus tendon. (C) The spring ligament and the plantar aponeurosis. 


Arches 


of the intermediate cuneiform, the base of the 
2nd metatarsal projects farther backward be- 
tween the medial and the lateral cuneiform 
bones, the line being interrupted at this point. 
The bases of the first 3 metatarsal bones articu- 
late with the 3 cuneiform bones, and the bases 
of the 4th and the 5th metatarsal bones articu- 
late with the cuboid bone. The metatarsals 
are attached firmly to the cuneiform and the 
cuboid bones by the dorsal, the plantar and 
the interosseous ligaments. 


Metatarsophalangeal Joints. The metatarso- 
phalangeal joints are formed between the 
heads of the metatarsal bones and the bases 
of the proximal row of phalanges. The capsular 
ligament which surrounds the joint is attached 
to the bone near the margins of the articular 
surface and is reinforced at the side to form 
the collateral ligaments. Its plantar part is 
thick, forming the so-called plantar ligament; 
its dorsal part is thin and is fused with the 
extensor tendon, so that the latter is, in effect, 
the dorsal ligament of the lst metatarsopha- 
langeal joint. 


Interphalangeal Joints. The interphalangeal 
joints are those which exist between the pha- 
langes of the toes; they resemble those of the 
fingers. The ligaments that unite them in- 
clude, in addition to the articular capsule, the 
collateral, the dorsal and the accessory plan- 
tar. 


Ligaments 


The ligaments which, as a rule, unite adjacent 
bones are the dorsal, the plantar and the in- 
terosseous (Figs. 787 and 788). The plantar 
ligaments situated in the concavity of the 
arches of the foot are stronger than the dorsal. 
Besides those which have been discussed al- 
ready, certain ligaments require special men- 
tion: 

1. The interosseous talocalcaneal ligament is 
a strong band lying in the tarsal sinus and sepa- 
rating the posterior talocalcaneal joint from 
the talocalcaneal navicular joint. 

2. The inferior calcaneonavicular, or the so- 
called spring ligament, extends from the sus- 
tentaculum tali to the navicular bone (Fig. 
788). It is situated under the head of the talus 
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and is an important factor in supporting the 
arch of the foot. 

3. The long plantar ligament is attached pos- 
teriorly to the undersurface of the os calcis 
and anteriorly to the cuboid and to the bases 
of the 2nd, the 3rd and the 4th metatarsals. 
Therefore, it converts the groove of the pero- 
neus longus into a canal. 

4. The short plantar ligament is about 1 inch 
long. It runs, under cover of the long plantar, 
from the front of the undersurface of the os 
calcis to the cuboid. 

5. The bifurcate ligament, or the so-called 
“Y”-shaped ligament of Chopart, arises by its 
stem from the front of the upper surface of 
the os calcis and divides into 2 branches which 
pass to the upper surfaces of the cuboid and 
the navicular. It crosses the line of the Chopart 
amputation (intertarsal). 


Arches 


The feet have acquired arches for 4 main rea- 
sons: (1) to distribute the body weight prop- 
erly; (2) to give elasticity and spring to the 
step; (3) to break the shock that results from 
running, walking and jumping; (4) to provide 
space for soft tissues which lie in the arch and 
thereby prevent undue pressure. 


Longitudinal and Transverse Arches 


The longitudinal and the transverse arches are 
shown in Figure 789. 


Longitudinal Arch. This arch is divided into 
2 columns (medial column and lateral), both 
of which rest on a common pillar posteriorly, 
namely, the tuberosity of the calcaneus. 

The inner, or medial, column of the longi- 
tudinal arch is made up of the calcaneus, the 
talus, the navicular, the 3 cuneiforms and the 
3 inner metatarsals (Fig. 789 C). This inner 
arch is high and is easily seen if normal; it is 
absent in individuals with flat feet but is in- 
creased in pes cavus. It consists of more seg- 
ments than the outer arch, has more elasticity 
and is essentially the “arch of movement.” 

The outer, or lateral, column of the longitu- 
dinal arch is formed by the calcaneus, the cu- 
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Fig. 789. The longitudinal arch of the foot. 


boid and the 2 outer metatarsals. This arch 
is low, so that the outer border of the foot 
touches the ground along its entire length. 
The inner arch, being high, only touches the 
ground behind, at the tuberosity of the calca- 
neus, and in front, at the head of the first meta- 
tarsal bone (ball of the great toe). 

The parts of the foot which normally bear 
the body weight and transmit it to the ground 
are arranged in tripod fashion, at the tuberos- 
ity of the calcaneus, the head of the lst meta- 
tarsal and the head of the 5th metatarsal. In 
the young child, the arching of the foot may 
be masked by a plantar fat pad, so that the 
baby’s foot looks flat. 


Transverse Arches. These arches are a series 
of arches which extend from the arch formed 
by the heads of the metatarsals and backward 
to the arch formed by the navicular and the 
cuboid bones. The metatarsals and the tarsal 
bones are arranged so that their convexity is 
on the dorsum and the concavity is on the 
plantar aspect. If the transverse arch formed 
by the heads of the metatarsals becomes flat- 


tened, the digital vessels and nerves which 
normally are protected by it are pressed upon, 
and pain results. 


Supporting Structures 


The arches must be maintained or supported 
by definite structures. The supporting struc- 
tures are: (1) the muscles and the tendons, 
(2) the ligaments, (3) the fasciae and (4) the 
bones. 


Supporting Tendons. Of the tendons which 
support the arches, 2 are important: the pero- 
neus longus and the tibialis posterior. 

The peroneus longus tendon passes down 
the lateral side of the leg and across the lateral 
side of the foot, turns at right angles on itself 
and continues across the sole of the foot, from 
lateral to medial (Figs. 788 and 789). In this 
part of its course it lies in a tunnel formed 
by the cuboid and the long plantar ligament. 
It is inserted into the outer side of the Ist 
cuneiform bone and the base of the Ist meta- 
tarsal. Therefore, it acts as a sling for the longi- 


Arches 


tudinal arch, about its middle. It also forms 
a bolstering across the transverse arch, thus 
supporting it. As it abducts and everts the foot, 
it lowers the longitudinal arch. It is believed 
by some anatomists that paralysis of this mus- 
cle increases the arch. 

The tendon of the tibialis posterior has its 
main insertion about the middle of the longi- 
tudinal arch to the undersurface of the navicu- 
lar. Additional support is given to this arch, 
as it sends a tendinous slip into every bone 
of the tarsus except the talus, and also the 
bases of the 2nd, the 3rd and the 4th metatar- 
sal bones. The function of the tendon of the 
tibialis posterior is similar to that of the pero- 
neus longus and balances it on the inner side. 
It supports the spring ligament and adducts 
and inverts the foot. 


Muscles. The muscles that support the arches 
do so by pulling the 2 pillars of the arches 
closer together or directly upward. Those 
muscles that adduct and invert the foot in- 
crease the longitudinal arch, while those 
which abduct and evert flatten it. Therefore, 
the long flexors of the toes and the short mus- 
cles of the foot pull the pillars together and 
increase the arch. The short muscles can with- 
stand the strain better than the ligamentous 
structures. So powerful are these short mus- 
cles as arch maintainers that they may in- 
crease the arch and produce a pes cavus. The 
transverse arch is maintained mainly by the 
transverse head of the adductor hallucis and 
to a lesser degree by its oblique head. 


Ligaments. The ligaments that are associated 
with arch support are weak over the dorsum 
of the foot but are powerful over the sole. 
All the ligaments in this region are important, 
but a few require special mention (Fig. 788). 

The inferior calcaneonavicular (spring) 
ligament is an important structure in the 
support of the longitudinal arch. It is placed 
under the weakest point (the head of the talus) 
and thereby prevents it from sinking between 
the calcaneus and the navicular. When weight 
falls on the talus, this strong ligament gives 
a little but, being very elastic, pushes the head 
of the bone immediately back into position 
when the superimposed weight is removed. 

The long plantar ligament is a powerful 
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structure that is attached to the undersurface 
of the calcaneus and to the inferior surface 
of the cuboid, whence it continues forward 
to the bases of the 2nd, the 3rd and the 4th 
metatarsal bones. 

The short plantar (calcaneocuboid) liga- 
ment passes obliquely forward and medially 
from the undersurface of the calcaneus to the 
posterior part of the cuboid, where the long 
plantar ligament conceals it. The transverse 
arch is maintained by the support of the plan- 
tar intertarsal and the tarsometatarsal liga- 
ments. 


Fascia. The fascia also plays its part in sup- 
porting the arches. The intermediate portion 
of the plantar aponeurosis is attached to the 
extremities of the arch, namely, the posterior 
part of the calcaneus behind and the heads 
of all the metatarsals and the proximal pha- 
langes in front (Fig. 788 C). In this way, it 
holds the extremities of the arch together. 

The form of the bones also has a supporting 
value. They are broader in the dorsum of the 
foot, thus making less support necessary than 
if the reverse were true. 


Inversion and Eversion of the 
Foot 


Rotating the sole of the foot inward (inversion) 
around the long axis of the foot is performed 
by the tibialis anterior and the posterior mus- 
cles, assisted by the flexors of the toes. Rotat- 
ing the sole outward (eversion) around the 
long axis of the foot is brought about in the 
following way: when the foot is plantar flexed, 
it is produced by the 3 peronei (longus, brevis 
and tertius); when the foot is dorsiflexed, the 
movement is performed by the extensor digi- 
torum longus. This last statement may be veri- 
fied if the foot is plantar flexed and everted 
strongly. In this position the strain is felt on 
the outer side of the leg over the perinei mus- 
cles. If the foot is everted and dorsiflexed, no 
strain is felt over the peronei, but the strain 
is taken by the extensor longus, which can 
be seen and felt. Orthopedic surgeons utilized 
this fact when they found that if the extensor 
longus digitorum were paralyzed, the foot 
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Fig. 790. The toes. 


could be everted in plantar flexion but not 
in dorsiflexion. 


Toes 


The toes or digits are numbered from the me- 
dial to the lateral side (Fig. 790). The Ist toe 
is called the hallux, and the 5th toe is called 
the digitus minimus. The bones of the toes 
are the phalanges. The big toe has only 2—a 
proximal and a distal—but the others have 3— 
proximal, middle and distal. Each proximal 
phalanx articulates with the head of a metatar- 
sal bone and in this way forms the metatarso- 
phalangeal joint. The middle phalanx articu- 
lates with the 2 other phalanges to form the 
interphalangeal joint. The proximal end of the 
phalanx is called its base, and its distal end 
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is called its head. The toes are involved in 
various conditions which will be discussed sub- 
sequently. 


Surgical Considerations 


Infections of the Foot 


Infections of the foot are less common than 
those of the hand, but they can be approached 
and drained as effectively. Grodinsky has em- 
phasized the clinical importance of the 4 me- 
dian fascial spaces on the plantar aspect of 
the foot and the 2 dorsal spaces. 


Four Median Plantar Spaces (Fig. 791). 

1. The first space is located between the plan- 
tar aponeurosis and the flexor digitorum bre- 
vis. 

2. The second space is situated between the 
flexor digitorum brevis and the conjoined long 
flexor tendons and quadratus plantae. 

3. The third space is found between the flexor 
digitorum longus (with its associated lumbri- 
cales muscles) and the oblique head of the 
adductor hallucis. 

4. The fourth and deepest space is situated 
between the oblique head of the adductor hal- 
lucis muscle and the 2nd and the 3rd metatar- 
sal bones and their interosseous muscles. 


Fig. 791. The 4 plantar spaces of the foot. (A) Longitudinal section; (B) cross section; (C) alternate 


incisions for space drainage. 


Surgical Considerations 


These spaces are bounded both laterally and 
medially by dense connective tissue septa, 
along which an infection may travel from one 
space to another. There is nothing in the foot 
that corresponds to the radial and the ulnar 
bursae of the hand, since the sheaths of all 
the flexor tendons of the toes end proximal 
to the distal head of the metatarsal bones; the 
sheath of the flexor hallucis longus extends a 
little higher than the rest. Therefore, infec- 
tions within these sheaths either may remain 
local or break into one of the four spaces. 

Two lateral spaces have been described, 
but these are of little anatomic or clinical im- 
portance. 

The 2 dorsal spaces, subaponeurotic and 
subcutaneous, are similar to those found in 
the hand and are treated in the same way. 
Infections in any of these spaces may be the 
result of extension along fascial or tendon 
planes or may result from direct penetrating 
wounds into a given space. 


Treatment. The 4 medial fascial spaces can 
be approached best from the inside of the foot, 
so that a scar is not left on the plantar, or 
weight-bearing, surface. Such an_ incision 
should be made along the inner border of the 
lst metatarsal bone and should be carried be- 
tween that bone and the flexor hallucis longus 
muscle. This incision follows the inferior sur- 
face of the bone and separates it from the 
flexor hallucis brevis. In this way, access is 
gained to the septum which forms the medial 
wall of all 4 spaces; the tendon of the flexor 
hallucis longus also is protected. At times, a 
counter-incision may be necessary; if so, it is 
made along the outer edge of the plantar sur- 
face (Fig. 791 C). 
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Deformities of the Foot 


The general term “talipes” is used to desig- 
nate foot deformities. Four forms of talipes 
are described: equinus, calcaneus, valgus and 
varus (Fig. 792). 

l. Talipes equinus is caused by a contracted 
tendon of Achilles, which prevents the foot 
from being placed squarely on the ground. 
The forepart of the foot is in contact with the 
ground; in severe forms of equinus, the foot 
may form almost a straight line with the leg. 
Usually a contracture of the plantar aponeuro- 
sis is associated with the condition; this results 
in a deep hollowing of the sole known as ta- 
lipes cavus. The condition usually can be cor- 
rected by stretching the calf muscles or by 
cutting the Achilles tendon. 

2. Talipes calcaneus constitutes a dorsiflexion 
of the foot on the leg. Usually, it is caused 
by an involvement of the calf muscles follow- 
ing infantile paralysis. 

3. In talipes valgus, the medial border of the 
foot is depressed and is in contact with the 
ground. If of congenital origin, the peronei 
are shortened, and the anterior and the poste- 
rior tibial muscles are stretched. In the ac- 
quired form, the deformity is brought about 
by a paralysis of the tibialis anterior and the 
posterior muscles. 

4. In talipes varus, the foot is twisted on itself 
in a position of adduction and inversion. The 
dorsum of the foot is directed somewhat for- 
ward, and the sole is directed backward. 


Hallux Valgus 


Hallux valgus, or bunion, is a condition in 
which the big toe deviates laterally, and the 





Fig. 792. Four varieties of talipes: (A) equinus; (B) calcaneus; (C) valgus; (D) varus. 
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head of the first metatarsal becomes promi- 
nent (Fig. 793). The joint surface of the head 
of the metatarsal pushes obliquely and later- 
ally. An adventitious bursa, which is a bunion, 
usually develops over the projecting head of 
the bone. Numerous operations have been de- 
vised to cure this condition; however, their 
aim is essentially the same. The head of the 
first metatarsal is reduced by removing part 
of its medial surface and reconstructing its ar- 
ticular alignment. The bursa that is present 
usually is dissected away, and the tendon of 
the extensor hallucis is displaced medially and 
maintained in position by suturing, so that by 
its contraction the great toe is kept in align- 
ment. 


Hammer Toe 


In this condition, the involved toe contracts 
and produces a sharp angulation. The toes that 
usually are involved are the second or the 
third (Fig. 794). The common extensor muscle 
is stretched, resulting in an elevation of the 
proximal phalanx but leaving the other pha- 
langes in flexion. The proximal interphalan- 
geal joint is flexed acutely, but the metatarso- 
phalangeal and the distal interphalangeal 
joints are hyperextended. The operative cor- 
rection of this condition attempts to divide 
the dorsal expansion of the extensor tendon 
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Fig. 793. Hallux valgus. 





Fig. 794. Hammer toe. 


which covers the dorsum of the joint. In this 
way the joint is opened widely, and, after divi- 
sion of the lateral ligament, the head of the 
first phalanx is dislocated into the wound and 
is excised. 


SECTION 10 VERTEBRAL COLUMN, VERTEBRAL 
(SPINAL) CANAL, SPINAL CORD 


Chapter 49 


Vertebral Column, Vertebral 


(Spinal) Canal, 


Vertebral Column 


The spinal column serves many remarkable 
functions. It supports the weight of the head, 
acts as the central pillar of the body, connects 
the upper and the lower segments of the 
trunk, gives attachments to the ribs, reduces 
shock transmitted from various parts of the 
body, forms a complete tube for the reception 
of the spinal cord and permits a wide range 
of most complicated movements and balanc- 
ing. It consists of 33 vertebrae which are 
grouped according to region (Fig. 795). The 
movable (true) vertebrae are the 7 cervical, 
the 12 thoracic and the 5 lumbar. The fixed 
(false) vertebrae are the 5 sacral, fused in 
adults to form the sacrum, and usually the 4 
coccygeal, fused to form the coccyx. If the 
bony column is examined as a whole from 
front or back it seems to form a straight line, 
but when it is seen from the side it presents 
definite curves. 

Viewed from the side, the vertebral column 
reveals 4 curvatures: the cervical and the lum- 
bar curves are convex forward; the thoracic 
and the sacrococcygeal curves are concave 
forward. At birth only the thoracic and the 
sacral curves exist. These early thoracic and 
sacral curves are called the primary curves. 
The secondary curves (compensatory) de- 
velop after birth; they are the cervical and 
the lumbar. The cervical curve results from 
elevation and extension of the head in infancy, 
and the lumbar from assumption of the erect 
posture when the child begins to walk. The 
lumbar curve is more pronounced in women 
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than in men and in youth than after middle 
age. 

In the midthoracic region the tips of the 
spines are below the level of the bodies of 
the corresponding vertebrae. The interverte- 
bral foramina increase in size down to the 5th 
lumbar vertebra. In the sacrum they diminish 
from above downward. The transverse pro- 
cesses are in front of the articular processes 
in the cervical region and in line with the 
intervertebral foramina, but in the thoracic 
region they are behind both; in the lumbar 
region they are behind the foramina but in 
front of the articular processes. Viewed from 
in front, the bodies of the vertebrae increase 
in breadth from the 2nd cervical to the Ist 
thoracic but diminish from the Ist to the 4th 
thoracic. They increase from the 4th thoracic 
to the lst sacral, below which they reduce 
rapidly in size. The transverse processes of 
the atlas are wide and stand out, but those 
of the next vertebrae are short and nearly 
equal in length. Those of the 7th are long, 
nearly as long as the 1st thoracic. They dimin- 
ish gradually down to the 12th thoracic, where 
they are represented only by tubercles. In the 
lumbar region they stand out again, the 3rd 
being the longest. The column is widest at 
the sacrum, and below this it diminishes, grad- 
ually at first, but abruptly increases at the 3rd 
sacral piece and becomes greatly accentuated 
opposite the 5th. 

The vertebral column is usually about 28 
inches long in men and 24 inches long in 
women; however, this is subject to great varia- 
tions. The bodies of the vertebrae form a col- 
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Fig. 795. The spinal column: (A) Posterior view; (B) anterior view; (C) lateral view. 


umn for the support of the trunk and the head, 
the vertebral foramina provide a canal for the 
spinal cord and its membrane. The spines and 
the transverse processes provide attachments 
for muscles and form 3 ridges that bound a 
pair of grooves of which the laminae (ventral 
arch) form the floors. These grooves are occu- 
pied by muscles which move the vertebral 
column. 


Thoracic Vertebra. The thoracic vertebra 
consists of a short cylindrical anterior portion, 
called the body, the posterior aspect of which 
is attached to a bony arch (Fig. 796). Enclosed 
within these 2 portions is an opening called 
the vertebral foramen. The anterior surface 
of the body is convex from side to side, but 
the posterior surface is slightly concave. On 
its external surface the arch has 3 processes— 
one pointing backward, the spinous process, 
and the other 2 extending laterally, the trans- 


verse processes. The spinous processes mark 
the midline of the back, and the rounded tips 
can be felt beneath the skin. The transverse 
processes give partial attachment to the ribs. 
Four small articular processes which interlock 
with similar elevations on the vertebrae above 
and below are found also. The vertebral canal 
formed by the series of vertebral foramina 
contains the spinal cord. 


Lumbar Vertebrae. The lumbar vertebrae 
are larger than the thoracic, and their trans- 
verse processes do not give attachment to 
the ribs. They are distinguished by the ab- 
sence of foramina in the transverse processes 
and also by the absence of their costal facets. 


Cervical Vertebrae. The cervical vertebrae 
are easily distinguished from the others by 
their transverse processes, which are unusu- 
ally wide and contain a canal for the transmis- 
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Fig. 796. The distinguishing features of the verte- 
brae. 


sion of the vertebral artery (Fig. 797). The 
7th cervical vertebra has been distinguished 
further by its prominent spinous process 
which is known as the vertebra prominens. 

The first 2 cervical vertebrae are so mark- 
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Fig. 797. The 7 cervical vertebrae. 


edly different from the others that they re- 
quire special mention. The first or atlas has 
no body and no spine but consists only of a 
pair of lateral masses united by anterior and 
posterior arches. It resembles a large ring. Its 
cavity is divided by a transverse ligament into 
two compartments: a larger posterior one for 
the spinal cord and a smaller anterior one for 
the odontoid process (dens) of the 2nd cervical 
vertebra. The upper surface of the bone re- 
veals two smooth oval areas for articulation 
with the undersurface of the skull. A rocking 
movement of the skull, forward and back- 
ward, takes place on these areas. In turning 
the head from side to side the atlas moves 
with the skull, and the two turn on the 2nd 
cervical vertebra with the odontoid process 
as the center of rotation. The second cervical 
vertebra, also called the axis (epistropheus), 
differs from the others in that its body is much 
reduced in size, and projecting upward from 
it is a prominent elevation called the odontoid 
process (dens). This tooth like dens passes 
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Fig. 798. The intervertebral disks seen in sagittal section. 


through a special canal in the first cervical 
vertebra and forms the axis of rotation for the 
skull and the first vertebra. 


Intervertebral Disks. Between the vertebrae 
there is a fibrocartilaginous disk which acts 
as a shock absorber. Each disk is composed 
of two parts: a central nucleus pulposus, a 
relic of the notochord, and an outer ring, the 
annulus fibrosus (Fig. 798). The nucleus is a 
very elastic semifluid tissue mass which lies 
more posteriorly than centrally. The annulus 
forms the major part of the disk and gives 
form and strength to it and is the main weight- 
bearing portion. Each disk is attached to the 
compact rim of the superjacent and the subja- 
cent vertebral bodies. The nucleus has been 
likened to a water cushion which allows the 
overlying vertebrae to rock about on it, while 
the strong annular fibers act as stays which 
prevent displacement of the vertebral bodies. 

When the usual stress and strain is placed 
on the spinal column the disks bulge in all 
directions but return to their normal positions 
when the stress has been removed. They are 
maintained in their positions chiefly by the 
anterior and the posterior longitudinal verte- 
bral ligaments. If an unusual strain is placed 
upon the vertebral column, the disk proper 
or its nucleus may be extruded beyond its nor- 


mal limits and fail to return to position (Fig. 
799). 

Posterior protrusion may cause root pain be- 
cause of pressure of the disk on one or more 
of the spinal nerves; more marked protrusion 
may cause signs and symptoms similar to those 
found in transverse lesions of the cord or the 
cauda equina. These lesions have been mis- 
taken for intraspinal neoplasms. 

One of the most common locations for such 
a lesion is low in the lumbar region, and one 
of the most common symptoms is sciatic pain. 
If such an abnormal protrusion is present, it 
can be diagnosed by injecting Lipiodol into 
the subarachnoid space, since the protruded 
disk will impinge on the column of radiopaque 
oil and will indent or displace it. Complete 
obstructions to the passage of the oil have also 
been observed. After the age of 60 these disks 
begin to atrophy, their disappearance giving 
rise to the bowed back of old age. 

The adjacent vertebrae articulate with each 
other by their bodies through the intervention 
of the intervertebral disks and through their 
articular processes. Each vertebra has upper 
and lower articular processes which are ar- 
ranged for the most part vertically, except 
in the cervical region where they are more 
transverse. Because of these anatomic facts, 
it is only possible for a vertebral dislocation 
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Fig. 799. The effect of a protruded disk upon nerve roots. The normal is presented for comparison. 


without fracture to take place in the neck. 
Anywhere else in the spinal column a pure dis- 
location cannot occur, because the articular 
processes must break off before the body can 
be moved. 

“Whiplash” describes a hyperextension in- 
jury to the neck usually associated with rear- 
end automobile accidents. The injuries may 
be mild or severe depending upon the ana- 
tomic defect. The cervical muscles generally 
involved are the sternocleidomastoid, the sca- 
lenes and the longus colli; they may be 
stretched or torn. The sympathetic nervous 
system nerve fibers lying on the longus colli 
muscles also may be damaged. At times, the 
anterior fibers of the intervertebral discs and 
the anterior longitudinal ligaments are lacer- 
ated (Fig. 800). The degree of disability (sim- 
ple neck pain [wryneck], quadraplegia or 
death) will depend on the extent of the injury. 
Initial roentgenograms of the cervical spine 
may not reveal the pathology particularly if 
there is normal alignment of the vertebrae. 
The actual injury to the nerve fibers occurred 
when the subluxation was present at the mo- 
ment of impact. Hence, there will be no radio- 


logic clue to the presence of soft tissue injury; 
this has to be determined by neurological ex- 
amination. When conservative measures fail 
to relieve the signs and symptoms, accurate 
diagnosis can be made by discograms or epidu- 
rograms. Should surgical treatment be neces- 
sary, there is a tremendous diversity of opin- 
ion as to the proper approach. For many years, 
R. B. Cloward has advocated the anterior ap- 
proach to the cervical spine (Fig. 801). These 
drawings illustrate the incision and exposure 
of the disc space with removal of osteophytes 
and decompression. At times, a Dowel graft 
is used for stabilization. 

The opposite of hyperextension of cervical 
spine injury is the hyperflexion injury with 
anterior dislocation of vertebrae and tearing 
of the interspinous ligament. This pathology 
can be present with or without spinal cord 
injuries (Fig. 802). 


Adult Sacrum. The adult sacrum results 
from the fusion of 5 sacral vertebrae which 
diminish in size from above downward (p. 
566). It is triangular in shape, possessing a base 
or upper surface, an apex or lower end and 
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Fig. 800. See text. 


dorsal, pelvic and two lateral surfaces. It is 
divided by paired rows of foramina on the 
dorsal and the pelvic surfaces into median and 
lateral parts. The median portion is composed 
of most of the parts of the 5 fused vertebrae, 
and the lateral part, also called the lateral 
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masses, represents the fused costal and the 
transverse processes. These lateral masses 
contain the auricular surfaces for articulation 
with the ilium. The laminae of S 5 and usually 
S 4 fail to meet in the median plane; because 
of this, they form the opening to the sacral 
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Fig. 802. Cervical fusion anterior approach, see text. 


canal, called the sacral hiatus. The sacral ca- 
nal contains the cauda equina, the filum termi- 
nale and the meninges down to the middle 
of the 3rd sacral vertebra (Fig. 809). At that 
level the meninges end, and the lower portion 
of the canal contains only the nerve roots of 
the lower sacral and coccygeal nerves, to- 
gether with the coverings they acquire from 
the meninges. The base of the sacrum is 
formed by the upper surface of the 1st sacral 
vertebra; it is divided into a median and two 
lateral parts. The median part is the oval up- 
per surface of the body of the Ist sacral verte- 
bra, the anterior border of which forms an 
important forward bulging landmark called 
the promontory of the sacrum. Behind its pos- 
terior border is the triangular entrance to the 
sacral canal. The two lateral parts are called 
the alae, which are fan-shaped and represent 
the fused costal and transverse processes. 
Each ala is crossed by the constituent parts 
of the lumbosacral trunk, the iliolumbar ar- 
tery, the obturator nerve and the psoas mus- 
cle. The concave anterior surface of the sa- 
crum is crossed by 4 ridges which mark the 
sites where fusion took place between the 
bodies of the 5 sacral vertebrae before the 
21st year. Lateral to these ridges, on each side, 
the 4 anterior sacral foramina are placed. 
These foramina become progressively smaller 


from above downward; through them the an- 
terior rami of the upper 4 sacral nerves pass 
laterally. 


Coccyx. The coccyx is that bone which results 
from the 3, 4 or 5 rudimentary coccygeal 
vertebrae that are attached to the tip of the 
sacrum. They are believed to represent the 
bony remnants of the tail of lower animals. 
It is triangular in shape and constitutes the 
terminal segment of the spine. The lateral 
margins of it and its tip continue to the wide 
origin of the sacrotuberous ligament and af- 
ford attachments to the muscles of the pelvic 
floor. 


Ligaments. The anterior longitudinal liga- 
ment lies on the front of the body of the verte- 
brae, from the sacrum to the axis, where it 
is continued upward as the anterior atlanto- 
axial ligament (Fig. 798). 

The posterior longitudinal ligament is 
placed on the backs of the bodies of the verte- 
brae inside of the spinal canal. 

The ligamenta flava connect the deep sur- 
faces of the laminae; they are made up of yel- 
low elastic fibers. 

The interspinous ligaments unite adjacent 
spines. 

Sacralization of the 5th lumbar vertebra 
means the fusion of the transverse processes 
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of the 5th lumbar vertebra with the sacrum; 
such a fusion may be bilateral (symmetrical) 
or unilateral (asymmetrical). In symmetrical 
sacralization the bony structure is sounder and 
more able to resist stress and strain, but in 
asymmetrical sacralization a scoliosis may re- 
sult and, although not necessarily severe, may 
alter muscle balance, lead to arthritic changes 
and pain. “Lumbarization” of the first sacral 
vertebra is noted when this vertebra takes on 
lumbar characteristics. This, too, may be uni- 
lateral or bilateral. 


Vertebral (Spinal) Canal 


Together the vertebral foramina make a con- 
tinuous canal in the spinal column. The ante- 
rior wall is closed by the posterior surfaces 
of the bodies of the vertebrae and their disks; 
the posterior longitudinal ligament passes 
over these. The posterior and the lateral walls 
are made up of the superimposed bony arches, 
the interspaces which are covered behind by 
the ligamenta flava but remain open laterally 
as the intervertebral foramina. It is lined en- 
tirely by ligamentous and periosteal struc- 
tures. The canal is approximately circular 
where it is continuous with the foramen mag- 
num but becomes triangular through the cer- 
vical region; it becomes round again in the 
thoracic region and finally assumes a triangu- 
lar form in the lumbar region. Within the sac- 
rum it flattens and expands laterally, and in 
the flexible cervical and lumbar regions it 
shows distinct enlargements to accommodate 
the cervical and the lumbar enlargements of 
the spinal cord. 


Spinal Meninges. These are 3 tubular fibrous 
membranes which are named from without 
inward: the dura mater, the arachnoid mater 
and the pia mater (Figs. 803 and 804). They 
are continuous with the corresponding me- 
ninges of the brain. 

The space that is situated between the dura 
mater and the walls of the vertebral canal is 
called the epidural space; it is filled with loose 
areolar tissue, a semiliquid fat, a network of 
veins, and small arteries to the bones. 

Dura mater. The dura is the most compli- 
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Fig. 803. The spinal meninges. Transverse section 
through the spinal cord and the meninges (dia- 
grammatic). (A) Section through a thoracic verte- 
bra. (B) Section through a lumbar vertebra. 


cated of the 3 membranes. It is recalled that 
in the cranial cavity this membrane consists 
of two layers, namely, an outer layer constitut- 
ing the lining periosteum of the skull, and an 
inner layer which invests the brain and by 
its duplications forms cranial venous sinuses. 
At the foramen magnum the outer layer 
blends with the periosteal and the ligamen- 
tous linings of the. vertebral column, but the 
inner layer forms the dural sac which invests 
the more delicate meninges of the cord and 
the emerging nerve roots. Within the verte- 
bral canal the dura mater forms a loose enve- 
lopelike covering outside of the arachnoid. Al- 
though firmly connected to the 2nd and the 
3rd cervical vertebrae it is not intimately asso- 
ciated with the periosteum elsewhere. It ex- 
tends 5 vertebrae lower than the spinal cord 
proper; it ends at the 2nd sacral vertebra with 
a prolongation of it investing the filum termi- 
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nale which ends at the back of the coccyx 
(Figs. 803 B and 805). Although firmly atta- 
ched to the 2nd and the 3rd cervical verte- 
brae, this covering is loosely attached at the 
upper and the lower parts of the vertebral 
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Fig. 804. A diagrammatic presentation of a section of the spinal cord and its associated vessels and 
spinal nerves. 


canal to the posterior longitudinal ligament. 
The anterior and the posterior nerve roots 
which pierce it carry tubular dural prolonga- 
tions that are attached to the periosteum of 
the bone at the intervertebral foramina. At 


the level of the 2nd sacral vertebra where it 
ends, it forms a cul-de-sac which is pierced 





by the filum terminale, the latter carrying its 


Spinal dural prolongation and becoming attached to 
Sky the coccyx. 

“a, Arachnoid mater. The spinal arachnoid is 

D Termination a thin transparent and fragile membrane. It 

>f Spinal cord ends a little below the 2nd sacral vertebra; 
s . . . . 

posteriorly, it is connected to the pia mater 

ma, by an incomplete posterior median septum 

PA Subarachnoid in the cervical region. The dura and the 

ps Space arachnoid move freely on one another in the 


capillary interval which exists between them. 
The subarachnoid space lies between the 


GR w f j arachnoid and the pia mater and contains the 





space a 


Fig. 805. Diagrammatic presentation of the levels 
of the termination of the spinal cord, the cauda 
equina, the subarachnoid space and the extradural 
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cerebrospinal fluid. It is traversed by septa 
wer | lined with flat arachnoidal cells and also by 
sbarachnoid the vessels going to the brain and the spinal 
i _ cord. It communicates with the corresponding 
VW intracranial space; therefore, an increase of 


pressure from hemorrhage or swelling in the 


brain may be diagnosed by lumbar puncture. 
Pia mater. The pia mater in the vertebral 
canal is closely applied to the spinal cord and 


dips into the anterior median fissure. It is a 
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Fig. 806. The spinal cord and the meninges seen 
from behind. 


delicate vascular membrane that is attached 
to the surfaces of the cord and carries blood 
vessels into its substance. Along the lateral 
side of the spinal cord the pia is attached to 
the dura by a thin membrane called the den- 
tate ligament. These ligaments are 20 tooth- 
like processes which extend from the pia to 
the dura; they push the arachnoid ahead of 
them (Fig. 803). They leave the pia midway 
between the anterior and the posterior nerve 
roots and serve to suspend the cord in the 
midline. The lowest one of these ligaments 
is forked (Von Elsberg’s forked denticulation) 
and is placed just above the exit of the lst 





Fig. 807. Development of the spinal cord. 
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lumbar vertebra. It acts as the surgeon’s guide 
to this nerve, giving him a nerve root of 
known number from which he may determine 
the position of others. The anterior and the 
posterior nerve roots are separated by the 
ligaments. 


Spinal Cord 


During the first days of intrauterine existence, 
a dorsal groove, the neural groove, appears 
on the body surface (Fig. 807). It becomes 
closed off from the neural canal, and from its 
walls the central nervous system arises. Its lu- 
men persists as the central spinal canal. The 
neural canal becomes separated from the epi- 
dermal covering of the body by an ingrowth 
of mesoderm; anterior to the canal a solid rod 
of cells forms known as the notochord (Fig. 
808). Around this notochord the vertebral 
bodies develop. Until the 4th month of in- 
trauterine life the spinal cord extends the 
whole length of the vertebral canal, but as 
the development proceeds, owing to the 
greater growth of the vertebral column, the 
cord extends only as far as the sacrum at 
the 6th month and to the lumbar vertebra at 
birth. However, in adults the cord extends to 
the upper border of the 2nd lumbar vertebra. 

The spinal cord is represented as a cylindri- 
cal mass of nervous tissue which measures 
about 18 inches in length and about % inch 
thick (Fig. 809). In the adult it lies in the upper 
two thirds of the vertebral canal. Since its di- 
ameter is much less than that of the vertebral 
canal, the backbone can be bent and twisted 
without any strain being put upon the cord 
proper. It begins at the foramen magnum, 
where it is continuous with the medulla oblon- 
gata opposite a point midway between the 





Fig. 808. Development of the neural arch of a 
vertebra around the spinal cord. 
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Fig. 809. The spinal cord. 
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inion and the spine of the axis. A strong glis- 
tening threadlike structure called the filum 
terminale, which is composed mainly of pia 
mater, attaches the end of the cord to the 
back of the coccyx. The filum pierces the 
arachnoid and the dura mater and emerges at 
the sacral hiatus to blend with the periosteum 
on the dorsum of the coccyx. In the adult the 
subarachnoid and the subdural, spaces extend 
to the body of the 2nd sacral vertebra, but 
the cord proper ends at the 2nd lumbar. 
Hence, between L 2 and S 2 there is no cord, 
but instead the filum terminale and the roots 
of the lower spinal nerves. These roots resem- 
ble a horse’s tail and therefore have been 
given the name of cauda equina. A needle 
that enters the subarachnoid space above L 
2 may damage the spinal cord permanently, 
but if it enters at a lower level it would en- 
counter only terminal nerves. The spinal cord 
is protected in a water cushion of subarach- 
noidal fluid plus its membranes and is an- 
chored by the dentate ligaments. Opposite the 
5th and the 6th cervical vertebrae and again 
opposite the lower 2 thoracic vertebrae, the 
spinal cord reveals two enlargements. These 
are the cervical and the lumbar enlargements 
that are associated with the origins of the great 
plexuses to the superior and the inferior ex- 
tremities. 

In the spinal cord the gray matter is placed 
centrally, and the white matter peripherally. 
The gray matter is “H”-shaped and contains 
anterior and posterior limbs known as the an- 
terior and the posterior horns or gray columns. 
These divide the white matter on each side 
into anterior, lateral and posterior white col- 
umns. A groove in front, the anteromedian 
fissure, and a septum behind, the posterome- 
dian septum, separate the right and the left 
sides of the white matter. The transverse limb 
of the “H” constitutes the gray commissure 
and surrounds the central canal of the spinal 
cord. In the thoracic region there is, in addi- 
tion, a lateral horn which projects opposite 
the central canal. 

From the large cells of the anterior horn, 
the fibers of the anterior nerve roots (motor) 
stream out and leave the cord at its antero- 
lateral aspect. Opposite the tip of the posterior 
horn, the fibers of the posterior nerve roots 
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(sensory) enter the spinal cord. This, too, fur- 
ther divides the white matter into 3 white 
funiculi (columns). The anterior white column 
lies between the anterior median fissure and 
the anterior nerve roots; the lateral white col- 
umn lies between the anterior and the poste- 
rior nerve roots; the posterior white column 
lies between the posterior nerve roots and the 
posteromedian septum. Anterior nerve rami 
and their branches communicate with adja- 
cent rami to form plexuses. Close to the verte- 
bral column the anterior rami of nerves C 1 
and 4 form the cervical plexus, those of C 5 
and Th 1 the brachial plexus, L 1 and 4 the 
lumbar plexus, L 4 and S 4 the sacral plexus, 
and S 4 and Co 1 the coccygeal plexus. 

On each posterior root the ganglion is 
found, which is composed of cells giving origin 
to central and peripheral fibers. The ganglia 
of all except the sacral and the coccygeal 
nerves occupy the intervertebral foramina. 
Those of the sacral and the coccygeal nerves 
lie within the vertebral canal. Near the inter- 
vertebral foramen each pair of nerve roots 
unites to form a spinal nerve, which divides 
into anterior and posterior branches or pri- 
mary divisions. Both of these divisions are 
mixed (sensory and motor) nerves. Distal to 
the division, the spinal nerve gives off a min- 
ute recurrent branch to the meninges and the 
cord, after uniting with the branch from the 
sympathetic trunk. Each nerve root receives 
a covering from the pia mater and one from 
thearachnoid before it meets the dura. Within 
the subarachnoid space the roots are bathed 
in cerebrospinal fluid, but outside of the space 
they are encased in a tubular sheath of dura 
which includes the ganglion on the posterior 
root. 

The nerve fibers that constitute the white 
matter are divided into two main groups: (1) 
the ascending and (2) the descending (Fig. 
810). The ascending fibers are arranged in fa- 
sciculi (tracts) which become larger as they 
are followed upward, because of the addition 
of new fibers at each ascending level. The de- 
scending fibers form fasciculi also, which be- 
come smaller as they are traced downward, 
since they are continually giving off fibers 
which are intrasegmental, establishing a path- 
way for local reflexes as well as connecting 
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Fig. 810. Cross section of the spinal cord to indicate the various spinal tracts (diagrammatic). 


the gray matter at different levels. In front 
of and behind the central gray matter, the 
anterior and the posterior commissural fibers 
cross the median plane. They connect the two 
halves of the spinal cord with each other, 
though not necessarily at the same level, while 
others may join one or another of the ascend- 
ing tracts after crossing the median plane. 


Ascending Tracts. These ascending fibers 
convey afferent impulses which may or may 
not be associated with consciousness. They are 
divided into two groups: exteroceptive, which 
receive the initial stimulus from the outside 
world, and proprioceptive, which receive the 
initial stimuli from an internal source such as 
the muscles and the joints. It is still uncertain 
whether the exteroceptive paths are 2 or 3 
in number. However, clinical evidence shows 
that painful or heat sensations ascend in the 
lateral spinothalamic tract, and that light 
touch and pressure stimuli ascend in the pos- 
terior white column, associated with some 
proprioceptive fibers. It has been thought that 
crude tactile sensibilities travel by a 4th, 
namely, the anterior spinothalamic tract. 
The fibers which transmit painful and ther- 
mal impressions are related closely to one an- 


other; the central processes of these enter the 
posterior horn of the gray matter and end by 
arborizing round cells in that situation. They 
establish connections by collaterals with 
higher and lower segments. From these cells 
new fibers arise which cross the median plane 
and turn up in the lateral white column in 
the lateral spinothalamic tract. As this tract 
ascends, it constantly receives additional fi- 
bers to the medulla oblongata, where it joins 
the anterior spinothalamic tract and the two 
together from the spinal lemniscus. 

The fibers transmitting crude tactile and 
pressure impressions behave similarly, but 
their second neurons ascend in the posterior 
white column for a few segments before cross- 
ing the median plane and turning upward in 
the anterior spinothalamic tract, which lies in 
the anterior white column. 

The spinal lemniscus forms in the medulla 
oblongata by the union of the anterior and 
the lateral spinothalamic tracts and conveys 
all the thermal, painful, pressure and crude 
tactile sensations from the spinal nerves of the 
opposite side of the body. In the pons the spi- 
nal lemniscus becomes associated with the me- 
dial lemniscus with which it ascends through 
the tegmentum of the midbrain and the sub- 


906 


thalamic region to end by arborizing around 
cells in the thalamus. These cells give rise to 
new fibers that ascend through the posterior 
limb of the internal capsule and reach the ce- 
rebral cortex of the postcentral gyrus. 

The proprioceptive fibers convey sensations 
of movements, active or passive, and have 
their parent cells situated in the spinal ganglia. 
The centrally directed fibers of these ganglion 
cells enter the spinal cord and turn upward 
in the posterior white column. They constitute 
the fasciculus gracilis (Goll) and the fascicu- 
lus cuneatus (Burdach). Therefore, these two 
are identical functionally; the former is placed 
more medially and in the upper region and 
contains fibers that arise from the ganglion 
cells of the posterior roots of the sacral, the 
lumbar and the lower thoracic nerves. The 
fasciculus cuneatus occupies the lateral half 
of the posterior white column and is made 
up of fibers arising from the upper thoracic 
and the cervical nerves. In the medulla oblon- 
gata these fibers end by arborizing round cells 
in the gracile and cuneate nuclei. These nuclei 
are 2 masses of gray matter situated side by 
side in the dorsal region of the medulla oblon- 
gata. The 2nd neuron fibers, internal arcuate 
fibers, pass ventrally around the central gray 
matter and cross the median plane where they 
decussate with corresponding fibers of the op- 
posite side in the sensory decussation. They 
then ascend, pass through the pons and the 
midbrain and to the thalamus where they end. 
A 3rd neuron arises in the thalamus and ex- 
tends through the posterior limb of the inter- 
nal capsule to the postcentral gyrus. These 
impressions are appreciated by consciousness. 

Many fibers which originate in the spinal 
ganglia reach the cerebellum. They form the 
afferent part of the paths for spinocerebellar 
reflexes. On entering the spinal cord they ter- 
minate in the cells of the nucleus thoracicus, 
which extends throughout the thoracic seg- 
ments of the spinal cord, and lie at the medial 
part of the base of the posterior column of 
the gray matter. The 2nd neuron fibers ascend 
in the lateral white column of the same side. 
Here they are arranged in 2 principal groups 
called the posterior and the anterior spinocer- 
ebellar tracts. 

Some of the posterior nerve root fibers con- 
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nect with the lower visual center. These con- 
nections are brought about by the spinotectal 
tract. The entering fibers end in the cells of 
the posterior horn; the 2nd neuron fibers cross 
the median plane and form a small bundle 
which ascends medial to the anterior spinocer- 
ebellar tract. The spinotectal tract thus 
formed ascends through the medulla oblon- 
gata and the pons to the midbrain where it 
ends in the superior quadrigeminal body. 


Descending Tracts. These are the tracts 
which pass downward through the spinal cord 
and are concerned with the production of 
movements, both voluntary and visceral, and 
also form the efferent paths for cerebellar, 
equilibratory, visual and other reflexes. 

The cerebrospinal (pyramidal) tracts are 
associated with voluntary motor impulses 
which travel from the cortex. The cells of ori- 
gin of these fibers are found in the cortex of 
the precentral gyrus and pass through the cor- 
ona radiata where they are intercepted by fi- 
bers of the corpus callosum. They enter the 
posterior limb of the internal capsule and at 
its lower end pass as a compact bundle into 
the basis pedunculi of the midbrain occupying 
approximately the middle third. In the ventral 
part of the pons the tract is broken into a 
large number of small bundles by the nuclei 
pontis and the transverse fibers of the pons. 
In the upper part of the medulla oblongata 
a compact tract is reestablished and forms a 
surface projection on the anterior aspect 
called the pyramid which lies lateral to the 
anterior median fissure. In the lower part of 
the medulla oblongata the majority of the fi- 
bers decussate with the fibers of the opposite 
side in the decussation of the pyramid and 
then take their final position in the middle 
of the lateral right column of the spinal cord. 

The lateral cerebrospinal (cross pyramidal) 
tract becomes smaller as it passes downward, 
for it is constantly giving off fibers which ter- 
minate by arborizing around the large motor 
cells in the anterior horn. The fibers of these 
cells form the anterior nerve roots of the spi- 
nal nerve. 

Those fibers which do not decussate in the 
medulla oblongata form the anterior cerebro- 
spinal (direct pyramidal) tract which de- 
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Fig. 811. Spinal (subarachnoid) anesthesia. 


scends in the anterior white column close to 
the anterior median fissure. Before their ter- 
mination these fibers also cross the median 
plane and end as do the fibers of the cross 
tract by arborizing around the large motor 
end cells of the anterior horn. As the fibers 
of the cerebrospinal tract descend they give 
off fibers to the motor nuclei of the cranial 
nerves of both sides. 

The vestibulospinal tract, which is the ef- 
ferent part for equilibratory reflexes, has its 
origin in the lateral vestibular nucleus in the 
pons of the medulla oblongata. It descends 
near the surface of the spinal cord in the ante- 
rior white column and terminates uncrossed 
around the motor cells of the anterior horn. 

The rubrospinal tract begins in the red nu- 
cleus of the midbrain. It decussates with its 





Fig. 812. Caudal anesthesia. 
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fellow of the opposite side and descends 
through the dorsal part of the pons and the 
dorsolateral part of the medulla oblongata to 
reach the lateral white column of the spinal 
cord where it lies close to the lateral cerebral 
spinal tract. Its fibers end in association with 
the motor cells of the anterior horn of the 
same side. It is an efferent part from the cere- 
bellum and the corpus striatum and is con- 
cerned with the maintenance of postural tone. 

The tectospinal tract, together with the as- 
cending spinotectal tract, provides a pathway 
for visual reflexes and begins in the superior 
corpus quadrigeminum of the midbrain. It de- 
cussates with its fellow of the opposite side 
in front of the aqueduct of the midbrain. It 
then passes downward in the anterior white 
column of the spinal cord, and its fibers end 
in the same manner as those of the rubrospinal 
tract. 

Frequently the physical findings will sug- 
gest the level of the injury to the spinal cord. 
Lesions resulting from fractures of the lst, 
2nd, 3rd and 4th vertebrae produce neural 
damage that is generally lethal. Immediate in- 
tubation to establish and maintain an open 
airway is essential. Cervical and high thoracic 
vertebral injuries involving the upper motor 
neurons produce sweating, vasomotor and 
respiratory disturbances. 

Trauma to the autonomic fibers at or above 
the first thoracic vertebra may produce Hor- 
ner’s syndrome (ptosis, enophthamus and 
myoOsis). 





Fig. 813. Transsacral anesthesia. 
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Injuries anywhere from C-l to T-6 may 
cause cardiac center dysfunction and ortho- 
static hypotension. 

Injuries at the level of the 2nd sacral verte- 
bra engender disturbances of the bladder 
(overflow, incontinence). Dribbling inconti- 
nence follows damage to the roots of S-2, 3 
and 4. Injuries at S-2, 3, 4 and 5 may produce 
impotency and interference with sexual func- 
tions; damage to S-3, 4 and 5 may result in 
a flaccid rectal sphincter tone and bowel in- 
continence. Spastic rectal sphincter tone usu- 
ally follows upper neuron motor damage. 


Anesthesia 


Spinal (Subarachnoid) Anesthesia. This in- 
jection produces a nerve root block. The pa- 
tient may be placed in either a lateral recum- 
bent or a sitting position (Fig. 811). Some 
surgeons, particularly Babcock, prefer the 
space between the Ist and the 2nd lumbar 
vertebrae. The 4th lumbar interspace is an- 
other favorite site and is found readily by 
drawing an imaginary line between the crests 
of the ilia. Since the spinal cord per se ends 
at a higher level than the 4th interspace, there 
is little danger of striking it. The selected in- 
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terspace is anesthetized, and a needle is 
passed through the median line. When the 
subarachnoid space is entered, spinal fluid es- 
capes upon removal of the obturator. 


Sacral Block Anesthesia. Lundy includes cau- 
dal and transsacral block under the term “‘sa- 
cral block anesthesia.” This is extradural and 
reaches the nerves within the sacral canal. 

In caudal anesthesia the needle is passed 
through the sacrococcygeal ligament and into 
the sacral hiatus (Fig. 812). Then the position 
of the needle is changed and is passed upward 
along the axis of the sacral canal for about 1 
or 1% inches. Then the anesthetic agent is 
injected. If the needle has been placed im- 
properly, it usually fails to enter the sacral 
canal and passes superficial to the posterior 
aspect of the sacrum. 

Transsacral anesthesia is produced by in- 
jecting about the sacral nerves via the poste- 
rior sacral foramina (Fig. 813). The posterosu- 
perior iliac spine makes a good landmark for 
this type of anesthesia. About 1 cm. medial 
to and just below these spines, the second sa- 
cral foramina usually are found. The first pair 
of sacral foramina can be located on a line 
opposite the tip of the transverse process of 
the Sth lumbar vertebra. The distance be- 
tween the foramina is approximately 1 inch. 
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internal, 385-386 
Abdominal ring, external, 384- 
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of, 402-405 
superficial musculature of, 
401-402 
Abdominoperineal resection, 
Miles procedure for, 
510-511, 513 
Abducens nerve, 64, 89 
Abduction, of shoulder, 693 
Abductor digiti minimi muscle, 
877 
Abductor digiti quinti muscle, 
774 
Abductor pollicis brevis mus- 
cle, 773 
Abductor pollicis longus 
muscle, 736 
Abscess 
alveolar, 149-150 
of appendix, 481 
breast, surgical considera- 
tions in, 274-275 
ischiorectal, 501 
lung, treatment of, 312-313 
mediastinal, drainage of, 
322-324 
parotid, 133 
pelvic, 481 
peritonsillar, 163 
prostatic, 594 
retropharyngeal, 173 
subphrenic, 531-532 
Accessory nerve, 67-68, 70, 
179, 241 
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Acetabular notch, 566, 792 
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Adam’s apple, 168, 229 
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693 
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Adductor hiatus, 814 

Adductor longus muscle, 813- 
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Adductor magnus muscle, 814- 
815 

Adductor pollicis muscle, 769- 
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Adductor tubercle, 826 
Aditus, to antrum, 110, 111 
Adrenal gland, 413, 415-417 
left, 416-417 
right, 416 
surgical approaches to, 417 
Agger nasi, 94 
Alae (wings), of nose, 90 
Alcock’s canal, 497, 576 
Allantois, 398 
Alveolar abscess, 149-150 
Alveolar artery 
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Alveolar border, of maxilla, 15 
Alveolar nerve, inferior, 63-64, 
139 
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lateral, 267 
Ampulla of Vater, 537, 555 
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Amputation 
at ankle joint, 873 
of forearm, 748 
of leg, 862 
supracondylar, 846 
at wrist joint, 758 
Anal canal, 490-493 
anterior relations of, 490- 
49] 
blood supply to, 496-500 
landmarks of, 491-492 
lymph vessels from, 624 
posterior relations of, 491 
sphincters of, 492-493 
Anal triangle, 666-667 
Anastomosis 
Blalock, 349 
scapular, 692 
small bowel, open and 
closed method of, 472 
Anastomotica magna, 706 
“Anatomic snuffbox’’, 739 
Anconeus muscle, 722, 734 
Anesthesia 
sacral, 568 
spinal, 908 
transsacral, 568-569 
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of aortic arch, 356 
of ascending aorta, 355-356 
cirsoid, 6 
of descending aorta, 356 
popliteal, 846 
Angular notch, of stomach, 436 
Angular vein, 47 
Ankle, 863-873 
amputation of, 873 
arteries of, 867-868 
bones of, 869 
deep fascia of, 864-867 
dislocations of, 873 
ligaments of, 869 
movements of, 872-873 
surgical considerations, 873 
synovial membrane of, 869- 
870, 872 
tendon sheaths of, 867 
Annulus fibrosus, 896 
Annulus ovalis, 336 
Anococcygeal body, 667 
Anocutaneous line, 491 
Anorectal line, 492 
Anosmia, 58 
Ansa cervicalis, 180 
Ansa hypoglossi, 180 
Ansa subclavia, 181 
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Antibrachial cutaneous nerve 
lateral, 720 
medial, 720-721 
Antihelix, of auricle, 105 
Antitragus tubercle, 105 
Antrotomy, 112 
Antrum of Highmore, see 
Maxillary antrum 
Aorta, 338-339 
ascending 
anatomic placement of, 
343 
aneurysm of, 355-356 
coarctation of, 351, 353-354 
descending, 340 
aneurysm of, 356 
relations of arch to, 339-340 
surgery of, 354-356 
Aortic aperture, of diaphragm, 
283 
Aortic arch, transverse, aneu- 
rysm of, 356 
Aortic valve, audibility of, 
345 
Apex, of nose, 90 
Apical nodes, 273 
Aponeurosis 
epicranial, 1-2 
oblique, external, 383-384 
palatal, 152 
palmar, 762 
plantar, 889 
deep, 876-877 
Appendectomy, 481-482 
Appendices epiploicae, of large 
bowel, 473 
Appendicular artery, 480-481, 
495 
Appendix 
McBurney’s incision to 
expose, 377-379 
vermiform, see Vermiform 
appendix 
Aqueduct of Fallopius, 111 
Aqueduct of Silvius, 35 
Aqueductus vestibuli, 22 
Aqueous humor, of eyeball, 
81-82 
Arachnoid granulations, 36, 39 
Arachnoid mater, 38-39, 901 
Arch 
of foot, 887-888 
longitudinal, 887-888 
transverse, 888 
viceral, embryology of, 164- 
165 


Arcuate eminence, of temporal 
bone, 21 | 
Arcuate ligaments, lateral and 

medial, 283 
Arcus tendineum, 574 
Areola, 268 
Areolar glands of Montgomery, 
268 
Areolar layer, of eyelid, 73 
Areolar lymphatic system, of 
breast, 273 
Areolar tissue, preperitoneal 
fatty, 652 
Arm, 698-715 
blood vessels of, 704-708 
fascia of, 698 
lower, paralysis of, 682 
middle, 682 
muscles of, 698-702 
anterior comparment, 
698-701 
posterior comparment, 
701-702 
nerves of, 702-704 
surface anatomy of, 698 
upper, paralysis of, 681-682 
Arteria centralis retinae, 80, 85 
Arterial circle of Willis, 38, 45 
Arteries, see Blood vessels; see 
specific types 
“Artery of apoplexy”, 46 
“Artery of Drummond”, 496 
marginal, 560 
Articular capsule, of shoulder, 
689-690 
Articular process, of vertebrae, 
896 
Articularis genu muscle, 818 
Arytenoid cartilages, laryngeal, 
231 
Arytenoid muscle 
oblique, 232 
transverse, 232 
Ascending colon, 482 
Aspiration, of chest, 295 
Astragalus, 881-882 
Atlas vertebra, 895 
Atrioventricular orifice, right, 
336 
Atrium 
of heart 
left, 336-338 
right, 335-336 
nasal, 93 
septum of, 336 
defects of, 354 


Audibility, of heart valve 
sounds, 345 
Auditory (eustachian) tube, 
110, 112, 114 
Auditory (vestibulocochlear) 
nerve, 65-66 
Auditory apparatus, 104-117 
Auditory meatus 
external, 18, 106 
internal, 22 
Auditory ossicles, 110-111 
Auricle, 105-106 
Auricular artery 
deep, 137 
posterior, 106, 192 
Auricular nerve 
great, 179, 241 
posterior, 5, 64-65 
Auricular tubercle, 105 
Auriculotemporal nerve, 5, 
120, 128, 138 
Auriculoventricular groove, of 
heart, 331 
Autocholecystoduodenostomy, 
461 
Autonomic nervous system, 
363-365 
postganglionic (postsynaptic) 
fibers of, 363 
thoracolumbar part of, 363- 
365 
Avascular area of Riolan, 485, 
494 
Axilla, 673 
Axillary artery, 676-678 
branches of, 677-678 
ligation of, 682-683 
relation of brachial plexus to, 
680 
Axillary fascia, 673 
dissection of, 278 
Axillary lines, of thorax, 
253 
Axillary nodes, 273 
Axillary sheath, 754 
Axillary tail of Spence, 267- 
268 
Axillary vein, 676 
dissection of, 278 
nodes of, 274 
Axis (epistropheus) vertebra, 
895 
Azygos system, of veins, 357- 
308 
Azygos vein 
anatomic position of, 357 
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esophageal branches of, 500 
lobe of, 308-309 


Banti’s syndrome, 499 
Bare area, of liver, 517 
Bartholin glands, 661 
Basilar artery, 45 
Basilar sinus, of dura mater, 55 
Basilic vein, 719 
Basis pedunculi, 35 
Bell’s palsey, 65 
Bennett’s fracture, 784 
Biceps femoris muscle, 819 
Biceps muscle, 698-699, 701 
long head of, 687, 698-699 
short head of, 687, 699 
Bicipital fascia, 720 
Bicornate uterus, 606 
Bicuspids, 148 
Bifurcate ligament, 887 
Bile ducts, 534-545 
adult, 535-539 
common, 535-537 
blood vessels of, 538-539 
embryology of, 534 
Biliary tract, Kocher’s incision 
to expose, 379 
Bladder, 578-586 
adult, 578-583 
approaches to, 585 
blood vessels of, 583-584 
coats of, 582 
embryology of, 578 
injuries to, 584-585 
interior of, 582-583 
ligaments of, 581-582 
lymphatics of, 584, 624 
neck of, 579-580 
nerves of, 584 
sphincter of, 582 
surfaces of, 579 
Blalock anastomosis, for 
tetralogy of Fallot, 349 
Blind spot, of retina, 80 
Blood vessels, see also indi- 
vidual types 
of anal canal, 496-500 
of appendix, 480 
of arm, 704-708 
of bladder, 583-584 
of bony thorax, 263-265 
of brain, 45-47, 47-55 
of breast, 268-272 
of colon, 493-496 
of duodenum, 464-465 
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of elbow joint, 717 
of elbow region, 719-720 
of esophagus, 424-426 
of eye, 85-87 
of eyelid, 73 
of face, 118-119 
of gall bladder, 539-540 
of gastrointestinal system, 
558-562 
great, thoracic projection of, 
342-345 
of head, 47-49 
of heart, 338-342 
of jejunoileum, 470 
of kidney, 409-411 
of knee, 833-834 
of larynx, 234 
of liver, 522-525 
of lungs, 309-310 
of neck, 189-195, 24251 
of nose, 90, 95-96 
of ovary, 608 
of pancreas, 553-555 
of parotid gland, 129-130 
of pelvis, 615-623 
of rectum, 490, 496-500 
of scalp, 3-4 
of shoulder, 676-678 
of soft palate, 153 
of spermatic cord, 653-654 
of spleen, 547, 550 
of stomach, 441-444 
of thigh, 801-804 
of vagina, 606 
Bones, see specific types 
Bony cartilaginous framework, 
of neck, 167-168 
Bony palate, 9 
Brachial aponeurosis, 698 
Brachial artery, 704, 706-708, 
721 
branches of, 706 
ligation of, 708-709 
muscular bed of, 706 
nerves associated with, 706, 
708 
relationships around, 708 
surgical considerations, 708- 
709 
veins associates with, 708 
Brachial plexus, 243, 678-680 
branches of, 679-680 
lesions of, 244-245 
relation to axillary artery, 
680 
Brachial plexus palsy, 680-682 
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Brachial region, see Arm 
Brachialis muscle, 701 
Brachiocephalic (innominate) 
vein 
left, 250-251 
right, 250 
anatomic placement of, 
344 
Brachiocephalic artery, 339 
left, 344-345 
Brachioradialis muscle, 732- 
733 
Brain, 28-57 
average weight of, 28 
blood supply to, 45-47, 47- 
55 
cerebral hemispheres of, 28- 
33 
embryology of, 28 
flow and function of, 47 
inferior surface of, 33-35 
intracranial spaces of, 39 
meninges of, 36-39 
proper, 28-36 
surgical considerations, 41- 
45 
trephining operation on, 22 
ventricular system of, 39-41 
Branchial arches, 164-165 
Branchial cyst, excision of, 165 
Branchial fistula, excision of, 
165, 167 
Breast 
abcess of, surgical con- 
siderations in, 274-275 
blood vessels of, 268-272 
congenital anomalies of, 267 
embryology of, 267 
lymphatics of, 272-274 
nerves of, 274 
reconstructive surgery of, 


279 
structure and form of, 267- 
268 
Breast bone, see Sternum 
Bregma, 9 


Bridge of nose, 90 

Broad ligaments, of female 
pelvic viscera, 598 

Bronchi, 310 

extrapulmonary, 315-317 

Bronchoesophageal muscle, 
317 

Bronchopulmonary segments, 
of lungs, 306-308 

Buccae, see Cheeks 

Buccal cavity, 146-147 
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Buccal fat pad, 127 
Buccal nerve, 65, 121 
Buccinator artery, 137 
Buccinator muscle, 126-127, 
135 
Buccopharyngeal fascia, 172- 
173, 227 
Buck’s fascia, 645-646 
“Bucket handle” tear, of 
cartilage, 840 
Bulb of urethra, 645 
Bulb of vestibule, 661 
Bulbar conjunctiva, 73 
Bulbocavernosus 
(bulbospongiosus) 
muscle, 662, 640-641 
Bulbocavernosus muscle, 662 
Bulbourethral glands, 644 
Bursa(e) 
of knee, 841-843 
anterior, 842 
lateral, 843 
medial, 843 
posterior, 843 
subdeltoid (subacrominal), 
685, 687, 689 
Buttocks, 786 


Calcaneocuboid joint, 885-886 
Calcaneocuboid ligament, 889 
Calcaneofibular ligament, 869 
Calcaneonavicular (spring) 
ligament, inferior, 889 
Calcaneonavicular ligament, 
inferior, 887 
Calcaneus, 882 
Calcarine sulcus, 33 
Callosity, suppurating, in web 
space, 778 
Calvaria, 7 
Camper’s fascia, 369, 392 
of inguinal region, 381 
Canal of Schlemm, 78, 82 
Canine teeth, 148 
Capitate bone, 750 
Capitellum, 711 
Capsular ligament, 792, 869 
of elbow, 716 
of knee, 836-838 
of shoulder, 689-690 
of sternoclavicular joint, 259 
Capsule of Tenon, 75, 83 
Carcinoma 
of colon, surgery for, 502- 
504 
of esophagus, 324-326 


of lip, 143 
of stomach, gastrectomy for, 
449, 451 
surgery for 
in cardiac end of stomach, 
456 
in gastric cardia, 429 
in lower esophagus, 429 
in lower third of 
esophagus, 456 
in middle esophagus, 428- 
429 
in upper end of stomach, 
431-434 
Cardia, gastric, 437 
Cardiac notch, 303 
of stomach, 436 
Cardiac orifice, of stomach, 
437 
Cardiac veins, 342 
Cardinal ligaments, 576, 600, 
604 
Carotid artery, 189-191 
common, 189-190, 247 
left, 339-340 
ligation of, 195-197 
external, 130, 191-192 
ligation of, 197-198 
superficial relations of, 192 
internal, 45, 191 
ligation of, 198 
Carotid body, 190 
Carotid bulb, 190 
Carotid canal, 11 
Carotid ganglion, of cervical 
sympathetic group, 181 
Carotid groove, 21 
Carotid plexus, external, 192 
Carotid sheath, 188-189 
Carotid sinus, 190 
Carotid triangle, of neck, 176 
Carotid wall, of middle ear, 
110 
Carotid-to-subclavian artery 
bypass, for subclavian 
steal syndrome, 199-200 
Carpal bones, 749-751 
ossification of, 750-751 
Carpal joint, transverse, 755 
Carpal ligament 
transverse, 753 
volar, 753 
Carpal tunnel, 753 
Carpal tunnel syndrome, 754 
Carpometacarpal joints, 755- 
756 
Cartilages of Santorini, 231 


Cartilages of Wrisberg, 231 
Caruncle, lacrimal, 71 
Carunculae myrtiformes, 659 
Cauda equina, 904 
Caudal anesthesia 
Cave of Merkel, 61 
Cavernous sinus, of dura 
mater, 53, 55 
Cavernous urethra, 648-649 
Cavum trigeminale, 61 
Cecostomy, 506 
Cecum, 475-479 
blind pouch of, 475 
carcinoma of, surgery for, 
502 
early development of, 475 
fossae of, 479 
membranes of, 478-479 
taeniae coli of, 473, 476 
Celiac artery (celiac axis), 558 
Celiac glands, 444-445 
Celiac plexus, 445 
Central artery, of retina, 80,85 
Central lobe, of cerebral hemi- 
spheres, 31 
Central nodes, of axilla, 274 
Central tendon, of diaphragm, 
280-281 
Cephalic nodes, 274 
Cephalic vein, 674, 719 
Cerebellar peduncle, 35 
Cerebellar veins, 49-50 
Cerebellum, 35 
Cerebral artery, 45 
central branch of, 46 
cortical branch of, 46 
Cerebral cortex, arterial supply 
to, 46 
Cerebral gyrus 
postcentral, 29, 30 
precentral, 29 
Cerebral hemisphere, 28-33 
arterial supply to, 46 
gyri and sulci of, 28-33 
lobes of, 28-31 
medial surface of, 31-33 
Cerebral peduncle, 34, 35 
Cerebral sulcus 
central, 28-29 
lateral, 29 
postcentral, 30 
precentral, 29 
Cerebral veins, 49-50 
Cerebrospinal fluid 
circulation and absorption 
of, 39-41 
study of, 44 
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Cerebrospinsl (pyramidal) 
tracts, 906 
anterior, 906-907 
lateral, 906 
Cerebrum, arterial supply to, 
46 
Cervical artery, anterior, 241 
Cervical fascia 
buccopharyngeal, 172-173 
enveloping, 169-170 
pretrachial, 170-172 
prevertebral, 172 
superficial nerves of, 239- 
241 
Cervical ligament, transverse, 
600 
Cervical nerve, 65, 121 
Cervical nodes, 273 
Cervical pleura (cupola), 291 
Cervical plexus, 181 
superficial branches of, 
181 
surgical considerations, 181- 
186 
Cervical sinus, embryology of, 
165 
Cervical sympathetic group, 
181 
Cervical vertebrae, 894-896 
Cervix of uterus, 603-604 
canal off, 603-604 
lymph vessels from, 624 
Chalazion, 73 
Chassaignac’s tubercle, 251 
Cheeks 
layers of, 146 
lymphatics from, 147 
muscles associated with, 
126-127 
nerves of, 147 
Chest, aspiration of, 295 
Children 
bony thorax in, 252 
congenital hernia of, 400 
Chin, 15 
muscles associated with, 
126 
Choanae, 10 
nasal, 90, 94 
Choked disk, 88 
Cholangiojejunostomy, 
intrahepatic, 533 
Cholecystectomy, 541-542 
Cholecystenterostomy, 544 
Cholecystoduodenal ligament, 
534 
Cholecystostomy, 540-541 
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Choledochoduodenal junction, 
538 
Choledochostomy, 542 
Chopart joint, 874 
Chorda tympani, 156 
nerve to, 64 
Chorda tympani nerve, 111 
Chordae tendinae, 336 
Choroid, 79 
Ciliary arteries, 77, 85 
Ciliary body, of eye, 79-80 
Ciliary ganglion, 62, 89 
Ciliary muscle, 79 
Ciliary processes, of eyeball, 
80 
Circular sulcus, 31 
Circulation, in fetus, 421 
Circulus arteriosus, 38, 45 
Circumcision, 656 
Circumduction, of shoulder, 
693 
Circumflex (axillary) nerve, 
702-703 
Circumflex artery 
lateral, 807-808 
left, 342 
medial, 808-809 
right, 340 
Circumflex humeral artery, 
704 
Cirsoid aneurysm, 6 
Cisterna cerebromedullaris, 38 
Cisterna chyli, 360 
Cisterna interpeduncularis, 38- 
39 
Cisterna magna, 38 
Cisterna pontis, 38 
Cisterna portis, 39 
Cisternal puncture, 44-45 
Clavicle, fracture of, 697 
Clavicular notches, 258 
Clavipectoral fascia, 673-674 
dissection of, 278 
“Claw hand”, 771 
Cleft palate, surgical 
correction of, 153 
Clinoid process 
anterior, 20 
posterior, 21 
Clitoris, 658-659 
dorsal nerve of, 666 
dorsal vein of, 665 
Clivus, 22 
Cloaca, separation of, 397-398 
Coarctation of aorta, 351, 353- 
354 
causes of death from, 354 
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Coarctation of aorta (cont. ) 
classification of, 353 
determination of, 353-354 
surgical correction of, 354 

Coccygeal plexus, 630 

Coccygeus muscle, 573 

Coccyx, 567, 899 

Cochlear, 114-115 

Cochlear duct, 116 

Cochlear nerve, 66 

Cock’s comb, 19 

Colic artery 
left, 495 
middle, 485, 493-494, 560, 

561-562 
right, 494-495, 560, 561 

Colic flexure 
left, 486 
right, 482 

Collateral gyrus, 33 

Colles’ fascia 
of inguinal region, 383 
of urogenital triangle, 639 

Colles’ fracture, 747-748 
reverse, 748 

Colliculi quadrigemina, 35 

Colliculus, 648 

Colon 
“double-barreled”, 486 
ascending, 482 
carcinoma of, surgery for, 

502-504 
descending, 486-487 
head of, see Cecum 
lymphatics of, 501-504 
parasympathetic innervation 
of, 505 
pelvic, 487 
resection of, 506-513 
Mikulicz procedure, 508, 
510 
Miles procedure for, 510- 
511, 513 
sigmoid, 487 
sympathetic innervation of, 
505 
transverse, 482, 484-486 
vascular supply of, 493-496 

Colostomy, types of, 506 

Colporrhaphy, 669 

Colpotomy, posterior, 670-671 

Columna, of nose, 90 

Commissure 
anterior, 33 
posterior, 33 

Conchae, 15, 105 
nasal, 92-93 
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Condylar canal 
anterior, 12, 21 
posterior, 12 
Condyles 
femoral, 825-826 
of tibia, 857-858 
Confluence of sinuses, 50 
Congenital anomalies 
of breast, 267 
of heart, 348-356 
of inferior vena cava, 623 
Congenital hernia, in children, 
400 
Congenital hydrocele, 395 
Conjoined tendon, 385, 386 
Conjunctiva, 73 
Connective tissue, of scalp, 
dense, 1 
loose, 2-3 
Constrictor muscles 
middle, 221 
of pharyngeal walls, 227-228 
Conus arteriosus, 336 
Cooper’s ligament, 268, 384 
Cor biloculare, 348-349 
Cor triloculare biatriatum, 349 
Coracobrachialis muscle, 687, 
701 
Coracohumeral ligament, of 
shoulder, 690 
Coracoid process, of scapula, 
685 
Cornea, 77-79 
Coronal suture, 9 
Coronary artery, 340, 558 
anatomic placement of, 
342 
interventricular branches of, 
340 
left, 341-342 
right, 340-341 
surgery of, 347 
Coronary ligaments, 841 
of liver, 517 
Coronary sinus, 342 
Coronary sulcus, 331 
Coronary system, left, domi- 
nant, 342 
Coronary valve, 336 
Coronoid fossa, 711 
Coronoid process, 15 
Corpus callosum, 28, 31-32 
Corpus cavernosum 
of penis, 645 
roots of, 640 
Corpus quadrigeminum, 
superior, 35 


Corpus spongiosum, of penis, 
645 
Costae, see Ribs 
Costal cartilages, 256 
Costal origin, of diaphragm, 
281 
Costal pleura, 291 
Costal surface 
of lungs, 302 
of scapula, 685 
Costal wall, of axilla, 673 
Costectomy, of lung abscess, 
313 
Costocervical trunk, 249 
Costocolic ligament, 546 
Costocoracoid ligament, 674 
Costodiaphragmatic line, of 
pleural reflection, 293 
Costomediastinal line, of 
pleural reflection, 292 
Costophrenic recess, 284 
Cowper’s glands, 644 
Cranial fossa(e), 19-22 
anterior, 19-20 
fractures of, 20 
middle, 20-21 
fractures of, 21 
posterior, 21-22 
fractures of, 22 
Cranial nerves, 58-70 
Cranial topography, Reid’s 
base line in, 24 
Craniopharyngeal canal, 55 
Craniopharyngeoma, 55 
Craniotomy, osteoplastic, 24 
Cranium, 7 
Cremaster muscle, 389, 391, 
649 
Cresmasteric artery, 654 
Cricoarytenoid muscle 
lateral, 232 
posterior, 232 
Cricoid cartilage, 168, 230-231 
Cricothyroid ligament, 231 
Cricothyroid membrane, 168 
Cricothyroid muscle, 231-232 
Cricothyroidotomy, 236-237 
Cricotracheal ligament, 231 
Crista galli, 19 
Crista terminalis, 335 
Critical point of Sudeck, 495 
“Crow’s feet”, 125 
Crucial anastomosis, 790 
Cruciate ligament, 865 
Cruciate ligaments, of knee, 
839 
Crura, diaphragmatic, 281-283 


Crural ligament, transverse, 
864-865 
Crus helicis, 105 
Crusta pedunculi, 35 
Crypts of Morgani, 491 
Cubital (antecubital) fossa, 719 
superficial veins of, 719 
Cuboid bone, 883 
Cuboid midtarsal joint, 874 
Cubometatarsal joint, 886 
Cuneiform bones, 883 
Cuneonavicular joint, 886 
Cuneus, 33 
Cupola (cervical pleura), 291 
Cutaneous lymphatic system, 
of breast, 272-273 
Cutaneous nerve, 106 
anterior, 241, 266 
of gluteal region of hip, 786 
lateral, 266, 703 
perforating, 630 
of plantar surface, 875 
posterior, 629, 789 
of thigh, 800 
Cymba conchae, 18 
Cystic artery, 539 
Cystic duct, of gallbladder, 535 
Cystic glands, 444 
Cystocele, repair of, 669 
Cystostomy, suprapubic, 585- 
586 


Dacryocystitis, 75 
Dartos muscle, 639, 649 
Darwin’s tubercle, 105 
Decompression, orbital, intra- 
cranial approach to, 76 
Deltoid ligament, 869 
Deltoid muscle, 685 
Deltoid region 
deep fascia of, 685 
muscles and bursae of, 685- 
687 
skin over, 685 
Deltoid tuberosity, of humerus, 
709-710 
Deltopectoral groove, 674 
Denonvilliers’ fascia, 579, 588, 
592 
Dens (odontoid process), 895- 
896 
Dental artery, 137 
Dental nerve, 139 
Dentate ligament, 902 
Dentate line, of anal canal, 
491-492 
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Dentine, 149 
Dentition, see Teeth 
Depressor anguli oris muscle, 
126 
Depressor labii inferioris mus- 
cle, 126 
Descemet’s membrane, 78 
Descending colon, 486—487 
Devine colostomy, 506 
Diaphragm, 259, 280-290 
action of, 283 
adult, 280-283 
arteries of, 283 
embryology of, 280 
foramena of, 283-284 
nerve supply to, 283 
origin of, 281-283 
pelvic, 572-577, 664-666 
urogenital, in female, 662- 
664 
Diaphragma sella, 37-38 
Diaphragmatic fascia, of pelvis, 
575-576 
Diaphragmatic hernia 
surgical considerations, 284- 
290 
traumatic, 289-290 
types of, 284-290 
Diaphragmatic hernioplasty, 290 
Diaphragmatic pleura, 291 
Digastric (submandibular) 
triangle, of neck, 176 
Digastric muscle 
anterior belly of, 187-188 
posterior belly of, 188 
Digastric muscle, nerves of, 
179-181 
Digital arteries, 778 
Digital nerve, 778 
palmar, 761 
Digits, see Finger; Thumb 
Digitus minimus, 884 
Dilator pupillae muscles, 80 
Diploé, 8 
Diploic veins, 49 
Distal skin crease, of wrist, 
751-754 
Dorsal arteries, of penis, 647 
Dorsal nerve, 647 
of clitoris, 666 
of penis, 644 
Dorsal surface, of scapula, 685 
Dorsal vein 
of clitoris, 665 
of penis 
deep, 646 
superficial, 646-647 
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Dorsum 
of hand, 774-776 
of foot, 874 
of nose, 90 
Dorsum ilii, 565 
Douglas’ pouch, 601-602 
Ductus arteriosus, patent, 349, 
351 
closure of, 351 
Ductus choledochus, 535-537 
blood vessels of, 538-539 
infraduodenal portion of, 
537 
intraduodenal portion of, 
537 
retroduodenal portion of, 
536-537 
supraduodenal portion of, 
536 
Ductus deferens, 587-588, 653 
Ductus endolymphaticus, 116 
Ductus reuniens, 116 
Ductus utriculosaccularis, 116 
“Duodenal bulb”, 461 
Duodenal fossa, inferior, 466 
Duodenal papilla, 537 
Duodenojejunal flexure, 463- 
464 
Duodenojejunal fossa 
inferior, 466 
superior, 466 
Duodenopyloric constriction, 
440 
Duodenopyloric junction, 437 
Duodenum, 458-467 
adult, 458-464 
arterial supply to, 464-465 
ascending part of, 463 
descending part of, 461-462 
embryology of, 458 
fossea of, 465-467 
horizontal part of, 463 
Kocher maneuver of, 467 
lymphatics of, 465 
nerves of, 465 
superior part of, 460-461 
Dura mater, 36-38, 900-901 
venous sinuses of, 50-55 
Duval-Barasty incision, 346 


Ear 
external, 104-106 
inner, 114-117 
middle, 108-112 
clinical and surgical con- 
siderations, 112-114 
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Ear (cont.) 
inflation of, 114 
walls of, 108-110 
Ear drum, see Tympanic mem- 
brane 
Ectopic thyroid, 215 
Eisenmenger complex, 349 
Ejaculatory duct, 589-590, 
593-594, 648 
Elbow, 716-724 
arthroplasty of, 723-724 
aspiration of, 724 
blood vessels of, 717, 719- 
720 
dislocation of, 723 
ligaments of, 716 
movements at, 718-719 
nerve supply to, 717, 719- 
720 
olecranon region of, 721-722 
relations around, 718 
surgical approach to, 722- 


724 
synovial membrane of, 716- 
717 
Embolism, paradoxical, 354 
Embryology 


of bile ducts, 534 

of bladder, 578 

of brain, 28 

of breast, 267 

of cervical sinus, 165 

of diaphragm, 280 

of duodenum, 458 

of esophagogastrointestinal 
tract, 418-421 

of esophagus, 422-423 

of face, 118 

of female pelvic viscera, 596, 
598 

of gallbladder, 534 

of hypophysis, 55 

of large intestine, 472-473 

of liver, 514-515 

of lungs, 300 

of male perineum, 638-639 

of neck, 164-165 

of pancreas, 552 

of skull, 7 

of spleen, 546 

of stomach, 434 

of thoracic duct, 360 

of thymus gland, 215-216 

of thyroid gland, 200 

of umbilical region, 397-399 

Emissary veins, 47—48 
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Emphysema, chronic 
nontuberculous, 297-299 
Enamel, tooth, 149 
Encephalography, 41-44 
Encysted hernia, 393 
Endo-abdominal fascia, 389- 
390 
Endocervix, 605 
Endocranium, 36 
Endolymph, 116 
Endometrium, 604-605 
Endopelvic fascia, 576-577 
Endoperiosteum, 36 
Enterectomy, 472 
Enterostomy, 472 
Enveloping fascia, of neck, 
169-170 
Eparterial branch, of extra- 
pulmonary bronchus, 
317 
Eparterial bronchus, 310 
Epicardium, 327-329 
Epicondylar lines, of femur, 
826 
Epicranial aponeurosis, 1-2 
Epididymis, 651 
Epidural space, 900 
Epigastric artery, superior, 264 
Epigastric incision, tranverse, 
379-380 
Epigastric vein, superficial, 
802, 804 
Epiglottis, 228-229 
tubercle of, 234 
Epipharynx, 223-224 
Epiphyseal line 
femoral, 825 
of humerus, 709 
Epiphysis 
femoral, 792, 826 
fibular, 861 
Epistaxis (nose bleeds), 97 
Epitympanic recess, 108 
Epulis, 147 
Erb-Duchenne paralysis, 245- 
246, 681-682 
Erector spinae, 402-403 
Esophageal aperture, of 
diaphragm, 283 
Esophageal hiatal hernia 
with short esophagus, 285 
with short esophagus and 
thoracic stomach, 285 
without shortening of 
esophagus, 285-286 
“Esophageal piles”, 500 


Esophagogastrointestinal tract, 
418-513 
embryology of, 418-421 
rotation and fixation of, 418- 
421 
Esophagus 
adult, 423-424 
blood vessels of, 424-426 
carcinoma of 
palliative procedures, 434 
surgery for, 324-326 
constrictions of, 423 
embryology of, 422-423 
lower 
surgery for carcinoma of, 
429, 456 
vascular supply of, 500 
lymphatic drainage of, 426 
middle, surgery for carci- 
noma of, 428-429 
parasympathetic innervation 
of, 428 
relations to neck, thorax and 
abdomen, 423-424 
surgical considerations, 428- 
434 
sympathetic innervation of, 
426, 428 
Ethmoid bulla, 93 
Ethmoid sinuses, 104 
nasal approach to, 104 
Ethmoidal foramen, anterior, 
14, 19 
Ethmoidal nerve 
anterior, 96 
nasal branch of, 120 
Ethmoidal veins, 95 
Eustachian (auditory) tube, 
110, 112, 114 
Eustachian valve, 334, 336 
Eversion of foot, 889 
Exophthalmos, 75 
Extension movement, of 
shoulder joint, 692 
Extensor (anterior) muscles, of 
thigh, 815-818 
Extensor carpi radialis longus 
muscle, 733-734 
Extensor carpi radialis longus 
tendon, 775 
Extensor carpi ulnaris muscle, 
734 
Extensor carpi ulnaris tendon, 
775-776 
Extensor digiti minimi muscle, 
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Extensor digiti minimi tendon, 
775 
Extensor digitorum communis 
tendon, 775 
Extensor digitorum communis 
muscle, 734 
Extensor digitorum longus 
muscle, 850-851 
Extensor hallucis longus 
muscle, 849-850 
Extensor indicis (proprius) 
muscle, 737 
Extensor pollicis brevis muscle, 
736-737 
Extensor pollicis longus 
muscle, 737 
Extensor retinaculum 
inferior, 849 
superior, 847, 849 
Extensor retinaculum 
ligament, 737-738 
External auditory meatus, 18 
External occipital crest, 12 
External occipital 
protruberance, 12, 19 
Extradural hemorrhage, 24, 
26-27 
Extradural space, 39 
Extraperitoneal approach 
to ligation of common iliac 
artery, 626 
to ligation of external iliac 
artery, 627 
to ligation of inferior vena 
cava, 626 
Extrapulmonary bronchi, right 
and left, 315-317 
Extremities 
inferior, 786-892 
superior, 673-785 
Extrinsic muscles 
laryngeal, 231 
of tongue, 155 
Eye 
and appendages, 71-90 
blood vessels of, 85-87 
dangerous area of, 79 
muscles of, 83-85 
nerves of, 87-90 
orbit of, 75-76 
fascia of, 83 
surgery of, 89-90 
Eyeball, 76-83 
aqueous humor of, 81-82 
ciliary body of, 79 
ciliary processes of, 80 
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coats and media of, 84 
cornea of, 77-79 
enucleation of, 89-90 
iris of, 80 

lens of, 82-83 

retina of, 80-81 

sclera of, 77 

vitreous body of, 82 


Eyelids 


areolar layer of, 73 
arterial supply to, 73 
conjunctiva of, 73 
lacerations of, 73 

layers of, 71-73 

skin of, 71 

striped muscle of, 71-72 
subcutaneous tissue of, 71 
tarsal plates of, 73 

veins of, 73 


Face, 118-163 
blood vessels of, 118-119 
embryology of, 118 
lip region, 141-143 
mouth proper, 144-153 
practical considerations, 
157-159 
surgical considerations, 
153-157 
muscles of, 124-127 
nerves of, 119-121 
clinical and surgical con- 
siderations, 121-124 
skin of, 118 
temporal and infratemporal 
regions, 133-135 
temporomandibular joint, 
139-141 
Facial artery, 118, 192 
of cheeks, 147 
labial branches of, 142 
submental branch of, 223 
transverse, 130 
Facial canal, prominence of, 
110 
Facial muscle, 64 
Facial nerve, 71-72, 119, 121, 
129 
branches of, 121 
canal for, 111 
cervical branch of, 222 
Facial neuralgia, see Trigemi- 
nal neuralgia 
Facial paralysis, 65 
Facial tic, 120 
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Facial vein, 47, 119 
anterior, 222 
common, 194-195 
posterior, 129 
Falciform ligament, 515, 517 
Fallopian tube, 607-608 
lymph vessels of, 624 
Fallot, tetralogy of, 348, 349 
False vocal cords, 231 
Falx cerebelli, 37 
Falx cerebri, 28, 36-37 
Falx inguinalis, 385, 386 
Fascia 
of arm, 698 
axillary, 673 
bicipital, 720 
Buck’s, 645-646 
clavipectoral, 673-674 
Colles, 383, 639 
Denonvilliers’, 579, 588, 592 
of lips, 142 
pectoral, 673 
pelvic, 573-577 
perineal, 659-660 
of scrotum, 649 
of thigh, 800-801 
of urinogenital diaphragm, 
641-642 
of urogenital triangle, 639- 
640 
Fascia colli, see Cervical fascia 
Fascia lata, 381 
of thigh, 804-810 
Fascia vastoadductoria, 816-817 
Fascial coat, of bladder, 582 
Fascial relations, of kidney, 
406-409 
Fascial spaces, muscular, 157- 
159 
Fasciculus cuneatus, 906 
Fasciculus gracilis, 906 
Fat 
surrounding kidney, 409 
pararenal, 409 
perirenal, 409 
Felon, 782 
Female perineum, 657-672 
and external genitalia, 657- 
672 
Femoral artery, 807 
branches of, 807-809 
ligation of, 812 
Femoral canal, 807 
Femoral hernia 
repair of, 811-812 
surgical anatomy of, 810-811 
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Femoral nerve, 807, 809-810 
Femoral sheath, 805-807 
Femoral triangle, 805 
Femoral vein, 809 
ligation of, 827-828 
Femur, 822-827 
attachments to, 826-827 
distal end of, 825-826 
head of, 791, 822 
lesser trochanter of, surgical 
approach to, 828-829 
neck of, 822-823 
proximal end of, 822-825 
shaft of, 826-827 
surgical approach to, 829- 
830 
surgical considerations, 827- 
830 
Fenestra cochlear, 110 
Fenestra vestibuli, 109, 115 
Fetus, circulation in, 421 
Fibrous pericardium, 327 
Fibrous sheath, of thumb, 764 
Fibula, 859-861, 869 
attachment of, 860 
distal end of, 859-860 
epiphyses of, 861 
proximal end of, 859 
shaft of, 859 
fractures of, 862 
surgical approach to, 862 
Fibular collateral ligament, 
838-839 
Fibular notch, 858 
Filiform papillae, 155 
Filum terminale, 904 
Fimbriated fold, of tongue, 155 
Finger, 776-778 
fibrous sheath of, 764 
skin of, 776 
synovial sheath of, 764-765 
webs of, 762 
Fissure of Rolando, 28 
Fissure of Sylvius, 29 
Fistula(e) 
rectovaginal, 672 
vesicovaginal, 671-672 
Fistula-in-ano, 501 
Flexion movement, of shoulder 
joint, 692-693 
Flexor (posterior) muscles, of 
thigh, 819-822 
Flexor carpi radialis muscle, 
725 
Flexor carpi radialis tendon, 
752 
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Flexor carpi ulnaris muscle, 
722, 726 
Flexor carpi ulnaris tendon, 
752 
Flexor creases, transverse, 776 
Flexor digiti quinti brevis 
muscle, 879 
Flexor digiti quinti muscle, 
774 
Flexor digitorum accessorius 
muscle, 877 
Flexor digitorum brevis 
muscle, 877 
Flexor digitorum longus 
muscle, 855 
Flexor digitorum longus 
tendon, 877 
Flexor digitorum profundus 
muscle, 728 
Flexor digitorum profundus 
tendon, 753 
Flexor digitorum sublimis 
muscle, 726-728 
Flexor digitorum sublimis 
tendon, 752-753 
Flexor hallucis brevis muscle, 
879 
Flexor hallucis longus muscle, 
855 
Flexor hallucis longus tendon, 
879 
Flexor pollicis brevis muscle, 
773 
Flexor pollicis longus muscle, 
728 
Flexor pollicis longus tendon, 
753 
Flexor tendons, of palm of 
hand, 764-766 
Fold of Treves, 479 
Fontanelles, 7 
Foot, 874-892 
arches of, 887-888 
arteries of, 880 
accessory bones of, 884 
bones of, 881-884 
deep fascia of, 876-877 
deformities of, 891 
dorsum of, 874 
infections of, 890-891 
inversion and eversion of, 
889-890 
joints and ligaments of, 884- 
887 
lateral, medial and dorsal 
aspects of, 874 


muscles and tendons of, 
877-880 
nerves of, 880-881 
sole of, 874-881 
superficial fascia of, 876 
supporting structures of, 
888-889 
surgical considerations, 890- 
892 
Foramen cecum, 19, 154, 200, 
215 
emissary veins of, 47 
Foramen lacerum, 11, 21 
Foramen magnum, 12, 21-22 
Foramen of Bochdalek, 288 
Foramen of Langer, 268 
Foramen of Luschka, 40 
Foramen of Magendie, 40 
Foramen of Monro, 32-33, 40 
Foramen of Morgani, 287-288 
Foramen of Winslow, 434, 448, 
539-540 
Foramen ovale, 10, 21, 109 
Foramen rotundum, 21, 110 
Foramen spinosum, 11, 21 
Forceps major, of corpus 
callosum, 32 
Forceps minor, of corpus 
callosum, 32 
Forearm, 725-748 
amputation of, 748 
anterior (volar) region of, 
725-731 
arteries of, 730-731 
muscles of, 725-728 
nerves of, 728, 730 
extensor (dorsal) region of, 
738-739 
fascia of, 738-739 
skin of, 738 
fractures of, 745-747 
posterior (dorsal) region of, 
732-738 
muscles of, 732-734, 737 
nerves of, 734, 736 
vessels of, 736 
surgical considerations, 731- 
732, 744-748 
Foregut, blood supply of, 558 
Forehead, 12 
Foreskin, 645 
Fornix, of corpus callosum, 32 
vaginal, 606 
Fossa intersigmoidea, 487 
Fossa navicularis, 658 
Fossa ovalis, 805 


Fossa tonsillaris, 159 
Fossa triangularis, 105 
Fovea capitis, 791 
Fovea centralis, 80 
Fractures, see Specific types 
Frankenhduser plexus, 628 
Frenulum, 645, 658 
Frenulum linguae, 144 
Frontal eminence, 13 
Frontal gyrus 
inferior, 30 
middle, 30 
superior, 30 
Frontal lobe, of cerebral hemi- 
spheres, 28-30 
Frontal nerve, 61 
Frontal region, of skull, 12 
Frontal sinus, 13 
Frontal sinuses, 101-103 
extranasal approach to, 102- 
103 
infected, 102 
extranasal approach to, 
102-103 
intranasal approach to, 102 
intranasal approach to, 102 
Frontal sulcus 
inferior, 30 
superior, 30 
Fundus 
of gallbladder, 534 
of stomach, 440 
Fungiform papillae, 155 
Funicular indirect hernia, 393 
Funicular process, 391, 393 
Fusiform gyrus, 33 


Galea aponeurotica, 1-2 
Gallbladder, 534-545 
adult, 534-535 
embryology of, 534 
lymphatics of, 540 
surgery on, 540-544 
venous drainage of, 539-540 
Ganglionectomy, stellate, 184- 
186 
Gasserian ganglion, 60, 61 
injection of, 122-124 
Gaster, see Stomach 
Gastrectomy, 449, 451 
total, 431, 434 
Gastric (coronary) artery, 441 
left, 558 
right, 559 
Gastric (pyloric) artery, 441 
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Gastric cardia, surgery for car- 
cinoma of, 429 
Gastric glands, 444 
Gastric nerves, 445 
Gastric vagotomy, selective, 
451 
Gastric veins, 44] 
esophageal branches of, 500 
Gastrocnemius bursa, 842 
Gastrocnemius muscle, 853 
Gastroduodenal artery, 441, 
464, 554 
Gastroepiploic artery, 441, 
464, 554 
right, 559 
Gastroepiploic vein, 441 
Gastrointestinal tract (gut) 
blood supply of, 558-562 
rotation and fixation of, 418- 
421 
Gastrojejunostomy, 449 
Gemellus muscle 
inferior, 790-791 
superior, 790 
Genicular arteries, 833 
Geniculate body 
lateral, 35 
medial, 35 
Genioglossus muscle, 155 
Genitalia, female, external, 
657-661 
perineum and, 657-672 
male, 645-656 
perineum and, 638-656 
surgical considerations, 654- 
656 
Genitofemoral nerve, 654 
Genu, of corpus callosum, 31 
Gimbernat’s ligament, 384 
Gingivae, 147 
Glabella, 13 
Gland of Rosenmiiller, 624 
Glands of Moll, 71 
Glands of Zeiss, 71 
Glandular lymphatic system, of 
breast, 273 
Glans of penis, 645 
Glenoid labrum, of shoulder, 
690-691 
Glenoid lip, 792 
Glenohumeral ligament, of 
shoulder, 690 
Glomus caroticum, 190 
“Glomus” tumors, 190 
Glossoepiglottic fold, 229 
Glossopalatinus muscle, 153 
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Glossopharyngeal nerve, 66, 
155, 179 
carotid sinus branch of, 190 
Glottis, 234-235 
Gluteal artery 
inferior, 618, 789-790 
superior, 616, 790 
Gluteal lines, of ilium, 565 
Gluteal nerve 
inferior, 629, 789 
superior, 629, 790 
Gluteal region, of hip, 786-791 
Gluteal tuberosity, of femur, 
826 
Gluteus maximus muscle, 787- 
788 
Gluteus medius muscle, 790 
Gluteus minimus muscle, 790 
Goose’s foot, 65 
Glottic slit, 235 
Gracilis muscle, 815 
Greater omentum, 441 
Greater palatine fossa, 10 
Gubernaculum testis, 390-391 
Gum boil, 147 
Gums, 147 
Gynecomastia, 267 


Hallux, 884 
Hallux valgus, 891-892 
Hamate bone, 750 
Hammer toe, 892 
Hamulus, 10 
Hand, 759-785 
dorsum of, 738-739, 774-776 
fascia of, 739 
skin of, 738 
palmar region of, 759-774 
phalanges of, 776-778 
surgical considerations of, 
739, 778-785 
Hard palate, 150-152 
blood supply to, 150-151 
raphe of, 151-152 
Harelip, operation for, 143 
Hartmann’s pouch, 534-535 
Head, 1-163 
Heart, 331-356 
blood vessels of, 338-342 
2—chambered, 348-349 
3-chambered, 349 
compartments of, 335-338 
congenital anomalies of, 


348-356 
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Heart (cont. ) 
Eisenmenger complex of, 
349 
exposure of, 345-347 
nerves of, 342 
proper, 331-332 
surgical considerations, 345- 
356 
tetralogy of Fallot, 348, 349 
thoracic projection of, 342- 
345 
valve sounds of, audibility of, 
345 
wounds of, 347-348 
Helix, of ear, 105 
Hemiazygos vein 
accessory, anatomic position 
of, 357-358 
anatomic position of, 357 
Hemicolectomy, right, 506 
Hemidiaphragm, absence of, 
hernia from, 288-289 
Hemorrhage 
intracranial, 24, 26-27 
into intracranial spaces, 39 
Hemorrhoidal artery 
inferior, 490, 497 
middle, 490, 497, 584, 619 
superior, 490, 496, 496-497 
Hemorrhoidal nerve, inferior, 
665 
Hemorrhoidal plexus, 498 
Hemorrhoidal vein 
inferior, 498 
middle, 498 
superior, 498 
Hemorrhoidectomy, 501 
Hemorrhoids, 501 
Hepar, see Liver 
Hepatic artery, 522-524, 554, 
559 
common, 522 
left, 523 
right, 522 
Hepatic duct, common, 535 
blood vessels of, 538-539 
Hepatic flexure 
carcinoma of, 502 
right, 482 
Hepatic glands, 444 
Hepatic veins, 500, 525 
Hepatocolic ligament, 482 
Hepatorenal pouch, 517 
Hernia 
from absence of 
hemidiaphragm, 288- 
289 
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congenital, 400 
diaphragmatic 
surgical considerations, 
284-290 
traumatic, 289-290 
esophageal hiatal, 285-287 
femoral 
repair of, 811-812 
surgical anatomy of, 810- 
811 
hiatal, esophageal, 285-287 
incisional, 381 
inguinal, see Inguinal hernia 
paraesophageal, 286-287 
through parasternal opening, 
287-288 
pleuroperitoneal hiatal, 288 
sliding, 513 
umbilical, 400 
repair of, 401 
Hernioplasty, diaphragmatic, 
290 
Hiatal hernia, esophageal, 285- 
= 287 
Hiatus, for petrosal nerve, 21 
Hiatus of Schwalbe, 574, 666- 
667 
Hiatus semilunaris, 93 
Hilton’s line, of anal canal, 491 
“Hilton’s water bed”, 38 
Hilus of lung, 302 
Hindgut, blood supply of, 558 
Hip, 786-799 
acetabulum of, 791-792 
boundaries and superficial 
structures of, 786-787 
dislocations of, 796-797 
gluteal region of, 786-791 
deep fascia of, 787 
muscles of, 787-788 
ligaments of, 792-795 
movements of, 795 
relations of, 795-796 
surgical considerations of, 
796-799 
vessels and nerves of, 795 
Hip bone, 563-566 
muscular and ligamentous 
attachments of, 569-571 
parts of, 563-566 
Hippocampal gyrus, 33 
Horner’s muscle, 125 
“Horseshoe kidney”, 413 
Humeral artery, circumflex, 
678, 704 
Humeral ligament, transverse, 
of shoulder joint, 690 


Humeral wall, of axilla, 673 
Humerus, 709-715 
attachments to, 711-712 
deltoid tuberosity of, 709- 
710 
epiphyseal line of, 709 
fractures of, 712-714 
lower end of, 711 
shaft of, 710-711 
operation on, 714-715 
surgical considerations, 712- 
714 
surgical neck of, 709 
tuberosities of, 709 
Hunter’s canal, 816 
Hyaloid canal, 82 
Hyaloid membrane, 82 
Hydrocele of cord, 395 
Hydrocelectomy, 656 
Hydroceles, types of, 395 
Hydrocephalus, 41 
Hymen, 659 
Hyoglossus muscle, 155, 221 
Hyoid arch, embryology of, 
165 
Hyoid bone, 167-168 
Hyparterial branch, of extra- 
pulmonary bronchus, 
317 
Hyperextension injury, 897 
Hyperflexion injury, 897 
Hypogastric artery, see Iliac 
artery, internal 
Hypogastric nerve, 628 
Hypogastric plexus 
inferior, 628 
middle, 628 
superior, 628 
Hypoglossal nerve, 70, 155, 
179-181, 223 
Hypopharynx, 225-226 
Hypophysis, 55-57 
adult, 55-56 
anterior lobe of, 55 
embryology of, 55 
pars intermedia, 56 
posterior lobe of, 56 
stalk of, 34 
surgical considerations, 56- 
57 
Hypothenar eminence, 
muscles of, 774 
Hysterectomy, vaginal, 667- 
669 


Ileal artery, 470, 560 


Ileocecal fossa, 479 
Ileocolic artery, 470, 479, 560, 
560-561 
Ileocolic fossa, 479 
Ileocolic vein, 479 
Iliac artery 
common, ligation of, 626 
external, 627 
internal, 615-619 
anterior division of, 616- 
619 
ligation of, 626-627 
parietal branches of, 615- 
618 
posterior division of, 615- 
616 
visceral branches of, 618- 
619 
Iliac colon, carcinoma of, 502 
Iliac crest, 563, 786 
tubercle of, 563-564 
Iliac fossa, 564 
Iliac incision, to expose ureter, 
379 
Iliac spine, 786 
anterior superior, 563 
posterior superior, 563 
Iliac tuberosity, 564 
Iliac vein 
internal, 621 
superficial circumflex, 802 
Ilio-hypogastric nerve, 369 
Ilio-inguinal nerve, 369 
Iliocolic artery, 495 
Iliocostal region, of abdominal 
wall, 401-413 
Iliocostalis muscle, 403 
Iliofemoral ligament, 793-794 
Ilioinguinal nerve, 800 
Iliolumbar artery, 615 
Iliopectineal line, 563, 564 
Ilium, 563-565 
borders of, 564 
gluteal surface of, 564-565 
inner surface of, 564 
muscular and ligamentous 
attachments of, 569-570 
Incisional hernia, 381 
Incisive fossa, 9-10 
Incisors, 148 
Incisura, 107 
Incisura angularis, 436 
Incisura cardiaca, 436 
Incisura intertragica, 106 
Incus (anvil), 110-111 
Infantile hernia, 393 
Infantile hydrocele, 395 
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Inferior vena cava, see Vena 
cava, inferior 
Infracardiac lobe, 308 
Infraglottis, 235-236 
Infrahepatic spaces, of liver, 
528, 531 
Infrahyoid muscles, 186-187 
Infraorbital artery, 137 
Infraorbital fissure, 18 
Infraorbital foramen, 14, 15 
Infraorbital groove, 14 
Infraorbital nerve, 120, 149 
Infrapatellar bursa 
deep, 842 
subcutaneous, 842 
Infrapatellar fat pad, 838, 842 
Infrapiriformic space, nerves 
and vessels of, 788-790 
Infraspinatus muscle, 688 
Infratemporal crest, 18 
Infratemporal fossa, 18 
Infratemporal region, of face, 
133-135 
Infratrochlear nerve, 120 
Infundibulopelvic ligament, 
600 
Infundibulum, 34, 93, 331, 336 
of gallbladder, 534-535 
Infundibulum fascia, 391 
Inguinal aponeurotic falx, 385, 
386 
Inguinal arcade, 389 
Inguinal bursa, 390 
Inguinal canal, 392 
Inguinal glands, superficial, 
623-624 
Inguinal hernias 
direct 
repair of, 397 
surgical considerations, 397 
indirect 
repair of, 395-397 
surgical considerations, 
395-397 
types of, 392-395 
Inguinal ligament, 383-384 
reflected, 384 
Inguinal region, 381-395 
abdominal layers of, 381-390 
nerves of, 389 
Inguinal ring 
abdominal, 392 
superficial, 384-385, 392 
Inguinal trigone, see Inguinal 
region 
Inguinofemoral (subinguinal) 
region, of thigh, 805-810 


921 


Innominate artery, 339 
Innominate bone, 563-566 
Innominate vein, see Brachio- 
cephalic vein 
Intercarpal joints, 755 
Intercavernous (circular) sinus, 
of dura mater, 55 
Intercolic membranes, 485-486 
Intercostal arteries, 263 
Intercostal drainage, of lung 
abscess, 313 
Intercostal muscle 
external, 260 
innermost, 261-263 
internal, 260 
Intercostal nerve, 266 
Intercostal spaces, 260-263 
muscles associated with, 
260-263 
Intercostobrachial nerve, 66 
Intermediate tendon 
of digastric muscle, 188 
of omohyoid muscle, 186 
Intermetacarpal joints, 755- 
756 
Intermuscular septum(a), of 
thigh, 804-805 
Interosseous artery, posterior, 
736 
Interosseous membrane, 742- 
743 
Interosseous muscles 
dorsal, 879 
of palm of hand, 770-771 
plantar, 879 
Interosseous nerve, posterior, 
734, 736 
Interosseous talocalcaneal 
ligament, 887 
Interpectoral nodes, 274 
Interpeduncular fossa, 34 
Interphalangeal joints, 756, 
884, 887 
Interpleural space, see Medi- 
astinum(a) 
Intersigmoid recess, 487 
Intersphincteric line, of anal 
canal, 491 
Interspinous ligaments, 899 
Interureteric ridge, 583 
Interventricular foramen, 32 
Interventricular groove, ante- 
rior, of heart, 331 
Intervertebral disks, 896-897 
Intracerebral space, 39 
Intracranial hemorrhage, 24, 
26-27 
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Intracranial operation, on 
hypophysis, 56 
Intracranial spaces, 39 
Intraparietal sulcus, 30 
Intrapatellar synovial fold, 841 
Intraperitoneal approach, to 
ligation of common iliac 
artery, 626 
Intrinsic muscles 
laryngeal, 231 
of tongue, 155 
Inversion of foot, 889 
Iridociliary-choroidal tunic, 79 
Iris, 80 
pillars of, 78 
Irrigation, of maxillary antrum, 
100-101 
Ischial tuberosity, 786 
Ischiocavernosus muscle, 640, 
661-662 
Ischiofemoral ligament, 794 
Ischiorectal abscess, 501 
Ischiorectal fossa, 664, 666 
anterior prolongation of, 644 
Ischium, 565-566 
muscular and ligamentous 
attachments of, 570-571 
Island of Reil, 28 
Isthmus 
of gyrus cinguli, 33 
nasopharyngeal, 223 
thyroid, 201 


Jackson’s membrane, 479 
Jejunal artery, 470, 560 
Jejunoileum, 467-470 
arterial supply to, 470 
localization of, 468-469 
lymphatics of, 470 
mesenteric coils of, 467 
mesentry of, 469-470 
nerves of, 470 
plicae circulares of, 467-468 
surgical considerations, 472 
veins of, 470 
Joints, see specific types 
Jugular foramen, 11-12, 22 
Jugular vein 
external, 192-193, 239 
internal, 193-194 
ligation of, 198-199 
superficial relations of, 195 
Jugular wall, of middle ear, 
109 
Jugulodigastric node, 162 
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Kidneys 
angle of, 412 
anterior relations of, 412 
blood vessels of, 409-411 
facial relations of, 406-409 
fat surrounding, 409 
nerves of, 411 
posterior relations of, 411 
proper, 409 
surgical anatomy of, 406-413 
surgical considerations, 413- 
417 
transplantation of, 413 
Kiesselbach’s plexus, 97 
Klumpke paralysis, 246, 682 
Knee, 831-846 
exposure of, 846 
interior of, 841 
ligaments and cartilages of, 
836-841 
lymphatics of, 833-834 
movements of, 843 
nerves and vessels of, 831- 
834 
popliteal region of, 831-834 
surgical considerations of, 
846 
Kocher maneuver, in duodenal 
surgery, 467 
Kocher’s method, for 
dislocation of shoulder, 
697 
Kocher’s subcostal incision, of 
abdominal wall, 379 
Kronlein’s operation, 76 


Labia majora, 657 
Labia minora (nymphae), 657- 
658 
Labial artery 
inferior, 119 
superior, 119 
Labial nerve, posterior, 665 
Labyrinth 
bony, 114-116 
membranous, 116 
Labyrinthic wall, of middle 
ear, 109-110 
Lacertus fibrosus, 720 
Laciniate ligament, 865-866 
Lacrimal apparatus, 73-75 
Lacrimal canaliculus(i), 71, 74 
Lacrimal caruncle, 71 
Lacrimal duct, probing of, 75 
Lacrimal fossa, 14 


Lacrimal gland, 73-74 
excision of, 75 
Lacrimal nerve, 61, 120 
Lacrimal papillae, 71 
Lacrimal sac, 74 
removal of, 75 
Lacunae lateralisi, 51 
Lacunar ligament, 384 
Lacus lacrimalis, 71 
Lambda, 9, 19 
Lambdoid suture, 7, 9 
Lamina cribrosa, 77 
Lamina terminalis, 32, 34 
of corpus callosum, 32 
Lane’s ileal membrane, 478 
Langley’s ganglion, 63 
Lanyngeal prominence, 168 
Large intestine, 472-513, see 
also individual parts 
embryology of, 472-473 
proper, 473-475 
surgery of, 506-513 
vs. small intestine, dif- 
ferences between, 473- 
475 
Laryngeal nerve 
external branch of, 205 
internal branch of, 205 
recurrent (inferior), 205-208 
superior, 205 
Laryngeal prominence, see 
Adam’s apple 
Laryngofissure, 236 
Laryngopharynx, 225-226 
Laryngotomy, 236-237 
Larynx, 228-236 
cartilages of, 228-231 
cavity of, 234 
inlet of, 234 
lymphatics of, 234 
membranes of, 231 
muscles of, 231-233 
action of, 233 
extrinsic, 231 
intrinsic, 231 
nerves of, 233-234 
vascular supply of, 234 
Lateral (peroneal) group, of leg 
muscles, 851-853 
nerves of, 853 
Lateral wall 
of middle ear, 109 
of orbit, 14 
Latissimus dorsi muscle, 401 
Leg, 847-862 
amputation of, 862 


anterior (extensor) muscles 
of, 849-851 
vessels and nerves of, 851 
cutaneous nerve supply of, 
847 
deep fascia of, 847-849 
muscles of, 849-856 
surgical considerations, 861- 
862 
Lens 
of eyeball, 82-83 
power of accommodation of, 
82 
Lesser omentum, 440 
Lesser palatine fossa, 10 
Levator anguli oris muscle, 
126 
Levator ani muscle, 572-573 
iliococcygeal portion of, 573 
pubococcygeal portion of, 
573 
Levator glandulae thyroidae, 
201 
Levator labii superioris 
alaeque nasi muscle, 126 
Levator labii superioris muscle, 
126 
Levator palati muscle, 152-153 
Levator palpebrae superioris 
muscle, 71, 73, 84-85 
Levator scapulae muscle, 243 
Lienorenal ligament, 547 
Ligament of Bigelow, 793-794 
Ligament of Treitz, 464 
location of, 451 
suspensory, 464 
Ligament of Wrisberg, 840 
Ligament of Zinn, 83 
Ligamenta flava, 899 
Ligamentous support, of 
female pelvic viscera, 
598-601 
Ligaments, see specific types 
Ligamentum arteriosum, 338 
Ligamentum mucosum, 841 
Ligamentum patellae, 838 
Ligamentum pectinatum iridis, 
78 
Ligamentum teres, 517, 518, 
794-795 
of liver, 400 
Ligamentum venosum, 518 
Limbus, corneal, 78 
Limbus fossae ovalis, 336 
Linea alba, 368 
Linea aspera, of femur, 826 
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Linea semicircularis, 374 
Linea semilunaris, 369 
Lineal artery, see Splenic 
artery 
Lingual artery, 157, 191-192, 
223 
Lingual gyrus, 33 
Lingual nerve, 63, 138-139, 
223 
Lingual thyroid, 215 
Lingual thyroids, 200 
Lingual tonsils, 154 
Lingual vein, 195 
Lingula, 16 
Lingular division, of left lung, 
308 
Lips, 141-143 
carcinoma of, 143 
infections of, 159 
muscles associated with, 126 
surgical considerations, 143 
Lisfranc joint, 874 


= Lisfrane’s tubercle, 255 


Liver, 514-533 
bare area of, 517 
bare end of, vascular supply 
of, 500 
blood vessels of, 522-525 
embryology of, 514-515 
falciform ligament of, 515, 
517 
inferior surface of, 520, 522 
infrahepatic spaces of, 528, 
531 
letter “H” of, 518 
ligaments of, 517 
lobes and surfaces of, 519- 
522 
lymphatics of, 525-526 
nerves of, 525 
posterior surface of, 520 
proper, 515-526 
resection of, 533 
right lateral surface of, 
520 
subphrenic spaces of, 526- 
531 
superior surface of, 520 
suprahepatic spaces of, 528 
surface anatomy of, 526 
surgical considerations, 526- 
533 
viability of, 524 
Lobectomy, pulmonary, 312 
Lobes, of liver, 519-520 
Longissimus muscle, 403 


923 


Longitudinal fissure, separating 
cerebral hemispheres, 
28 
Longitudinal groove, anterior, 
of heart, 331 
Longitudinalis inferior muscle, 
155 
Longitudinalis superior muscle, 
155 
Loop colostomy, 506 
Ludwig’s angina, 159 
Lumbar nerve, first, 406 
Lumbar region 
of abdominal wall, 401-413 
blood vessels of, 406 
deep group of muscles of, 
405-406 
middle group of muscles of, 
402-405 
nerves of, 406 
superficial musculature of, 
401-402 
Lumbar sympathectomy, 631- 
634 
retroperitoneal approach to, 
632-633 
transperitoneal approach to, 
633-634 
Lumbar sympathetic block, 
631 
Lumbar sympathetic chain, 
630 
Lumbar triangle of Petit, 
401 
Lumbar vertebrae, 894 
sacralization of, 899-900 
Lumbodorsal fascia, 406-407 
Lumboinguinal nerve, 800 
Lumbrical muscles, of palm of 
hand, 766-767 
Lumbricales muscles, 877 
Lunate bone, dislocation of, 
757 
Lunette formation, in jejuno- 
ileum, 468 
Lungs, 300-313 
abscess of, treatment of, 
312-313 
adult, 300-310 
apex of, 300-302 
base of, 302 
blood vessels of, 309-310 
borders of 
anterior, 302 
inferior, 302-303 
posterior, 303 
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Lungs (cont. ) 
bronchopulmonary segments 
of, 306-308 
embryology of, 300 
fissures of 
oblique, 303-304 
transverse, 304 
left, 308 
lobes of 
inferior, 304, 306 
middle, 306 
superior, 304 
variations in, 308-309 
right, 308 
root of, 291, 309 
surface markings of, 294 
surfaces of, 302 
surgical considerations, 310- 
313 
Luxatio erecta, of shoulder, 
695 
Lymph nodes 
mammary, classification of, 
274 
of neck, 178 
submaxillary, 170 
submental, 175 
Lymphatic system 
of bladder, 584 
of breast, 272-274 
of cheeks, 147 
of colon, 501-504 
of duodenum, 465 
of ear, 106 
of esophagus, 426 
of eyelids, 73 
of gall bladder, 540 
intestinal trunk of, 360 
of jejunoileum, 470 
of larynx, 234 
of lips, 142 
of liver, 525-526 
lumbar trunks of, 360 
nasal, 96 
of ovary, 608 
of pancreas, 555 
of parotid gland, 130-131 
within pelvis, 623-624 
of scalp, 5-6 
of spermatic cord, 654 
of stomach, 444-445 
of thigh, 804 
thoracic duct of, 360-362 
of thymus gland, 217-218 
of thyroid gland, 208-209 
of tongue, 157 
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of tonsils, 161-162 
of umbilical region, 400 
of vagina, 606 


Macewen’s triangle, 105 
Mackenrodt’s ligaments, 576, 
600, 604 
Macula lutea, 80 
Male perineum, 638-644 
central point of, 644 
embryology of, 638-639 
and external genitalia, 638- 
656 
Malleolar prominence, 108 
Malleolus 
lateral, 859-860 
medial, 858 
Malleus (hammer), 110 
Mammary artery, internal, 
263-264 
Mammary gland, see Breast 
Mammary line, of thorax, 252 
Mammary nodes, external, 274 
Mammillary bodies, 34 


Mandible 
angle of, 15 
base of, 15 


space of body of, 157-158 
Mandibular arch, embryology 
of, 165 
Mandibular division, of 
trigeminal nerve, 63-64 
Mandibular nerve, 65, 120, 
121 
injection of, 121-122 
Mandibular notch, 16 
Mandibular region, of skull, 
15-16 
Manubrium, 257, 258 
Masseter muscle, 134-135 
Masseteric artery, 137 
Mastectomy 
for breast cancer, 279 
radical, surgical considera- 
tions in, 275-279 
Mastication, muscles of, 133- 
135 
Masticator space, 158 
Mastoid cells, 111-112 
Mastoid foramen, 12, 19, 22 
Mastoid process, 12, 18, 111 
Mastoid vein, 47 
Mastoid wall, of middle ear, 
110 
Mastoidectomy, 112 


Mastoiditis, 112 
Maunsell stitch, 472 
Maxilla, alveolar border of, 15 
Maxillary antrum, 98-101 
infected, surgery of, 100-101 
relationship of teeth and, 99 
tumors of, 99-100 
Maxillary artery, 95 
external, 147, 192 
internal, 135-138 
Maxillary nerve, 96, 120, 149 
injection of, 121 
Maxillary region, of skull, 15 
Maxillary teeth, 149 
McBurney incision, 377-379 
McBurney’s point, 481 
Meatus 
inferior, 93 
middle, 93 
superior, 93 
Meckel ganglion, 62-63 
Meckel’s diverticulum, 470-472 
Medial gyrus, 33 
Medial lemniscus, 905-906 
Medial surface, of lungs, 302 
Medial wall, of orbit, 14 
Median nerve, 706, 721, 728, 
752 
palmar cutaneous branch of, 
759, 761 
of palm of hand, 763-764 
Median vein, 719 
Mediastinal pleura, 291 
Mediastinitis, 322-324 
Mediastinoscopy, 320-322 
Mediastinum testis, 651 
Mediastinum(a), 318-326 
abscess of, drainage of, 322- 
324 
boundaries of, 318-319 
contents of, 319-320 
surgical considerations, 320- 
326 
Medulla oblongata, 35-36 
Meibomian gland, 73 
Membranous urethra, 648 
sphincter muscle of, 663-664 
Méniére’s disease, 116 
Meningeal artery 
accessory, 137 
anterior branch of, 26 
branches of, 24, 27 
injury to, 24 
ligation of, 27 
middle, 137 
posterior branch of, 27 


Meninges 
of brain, 36-39 
spinal, 900-902 
Mental nerve, 120 
Mental protuberance, 15 
Mentalis muscle, 126 
Mesenteric artery, 470 
inferior, 495, 562 
meandering, 562 
superior, 493, 559-560 
Mesenteric vein, 470 
inferior, 498 
superior, 498, 555 
Mesentericoparietal fossa, 466- 
467 
Mesentery 
appendicular, 481 
gastrointestinal, blood vessels 
of, 559-562 
of jejunoileum, 469-470 
root of, 469 
Mesocolicojejunal membrane, 
485 
Mesocolon 
pelvic, 487 
transverse, 484-485 
Mesomesenteric artery, 547 
Mesopharynx, 224-225 
Mesosalpinx, 598, 607 
Mesosigmoid membrane, 487 
Mesovarium, 598 
Metacarpal bone 
fractures of, 783-784 
medial, 755-756 
of palm of hand, 771 
of thumb, 755 
Metacarpal ligament 
deep transverse, 762 
dorsal transverse, 762 
superficial transverse, 762 
Metacarpophalangeal joint, 
756 
dislocation of, 784 
Metatarsophalangeal joint, 884 
Metatarsophalangeal joint, 887 
Metatarsus, 883 
Metopic suture, 7 
Midgut, blood supply of, 558 
Midinguinal position, of 
appendix, 480 
Midpalmar space, 768-769 
infections in, 781-782 
Midsternal line, of thorax, 
252 
Mikulicz procedure, in resec- 
tion of colon, 508, 510 


Index 


Miles procedure, for carcinoma 


of rectosigmoid, 510- 
511, 513 
‘“Miner’s elbow”, 722 
Mitral valve, audibility of, 345 
Modiolus, 114 
Molars, 148-149 
Moll, glands of, 71 
Mons veneris, 657 
Morrison's pouch, 517 
Motor nerves, of lips, 142-143 
Mouth, 144-153 
lip region, surgical con- 
siderations, 143 
muscles associated with, 126 
practical considerations, 
157-159 
surgical considerations, 153- 
157 
Mucous coat, of bladder, 582 
Mucous glands, of lips, 142 
Mucous membrane 
of lips, 143 
nasal, 94-95 
Mucous sheaths, medial, of 
ankle, 867 
Miullerian ducts, 596 
Muscles, see specific types 
Muscular coat, of bladder, 582 
Muscular fascial spaces, 157- 
159 
Muscular triangle, of neck, 176 
Musculi pectinati, 336 
Musculocutaneous nerve, 853 
Musculospiral nerve, 703-704 
Musculus uvulae, 153 
Myenteric plexus, 446 
Mylohyoid muscle, 221 
Mylohyoid nerve, 223 
Myometrium, 604 
Myringotomy, 108 


Nares, 90 

Nasal cavities, 90-91 

Nasal fractures, 96-97 

Nasal infections, surgery for, 
100-101 

Nasal region, of skull, 15 

Nasal slit, 19 

Nasal spine, 15 

Nasalis muscle, 126 

Nasion, 12 

Nasociliary nerve, 61-62 

Nasolacrimal duct, 74, 93 

Nasopharynx, 223-224 
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Natis, 786 
Navicular bone, 749, 882-883 
fracture of, 756-757 
Neck, 164-299 
anatomy of, 164 
anterolateral region of, 176- 
246 
blood vessels of, 189-195, 
247-251 
bony cartilaginous 
framework of, 167-168 
buccopharyngeal facsia of, 
172-173 
carotid sheath of, 188-189 
embryology of, 164-165 
in general, 164-175 
injuries to, 897 
muscles of, 186-188 
posterior triangle of, 238- 
243 
relations of esophagus to, 
423 
root of, 247-251 
sternocleidomastoid muscle 
of, 168-169 
superficial structures of, 
177-178 
triangles of, 170, 176-177 
submental, 173-175 
Nephrectomy, 413 
Nerves, see specific types, 
Nervous system 
autonomic, see Autonomic 
nervous system 
parasympathetic, see Para- 
sympathetic nervous 
system 
sympathetic, see Sympahetic 
nervous system 
Neuralgia, trigeminal, 64 
Neurectomy, presacral, 634, 
636 
Neurovascular structures, 
within pelvis, 615-637 
Nicola operation, 697 
Nipple, breast, 268 
Node of Cloquet, 624 
Norma basalis, of skull, 9-12 
Norma frontalis, of skull, 12-16 
Norma lateralis, of skull, 16-18 
Norma occipitalis, of skull, 18- 
19 
Norma verticalis, of skull, 8-9 
Nose, 90-104 
aperture of, 94 
bleeds, 97 
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Nose (cont.) | 
blood vessels of, 95-96 
cartilages of, 93-94 
external, 90 
fractures of, 96-97 
internal, 90-95 
lymph drainage from, 96 
mucous membrane of, 94-95 
muscles associated with, 126 
nerves of, 96 
polypi of, 97 
rhinoscopy of, 97 
septum deformities of, 97 

Nuchal line 
inferior, 12 
superior, 12, 19 

Nucleus pulposus, 896 


Obicularis oculi muscle, 71 
Oblique aponeurosis, external, 
383-384 
Oblique incisions, of 
abdominal wall, 377-379 
Oblique muscle 
abdominal 
external, 383, 401-402 
internal, 385-386 
inferior, 84 
internal, 403 
superior, 84 
Oblique sinus, of 
pericardiumm, 331 
Obturator artery, 616-617 
abnormal, 617 
Obturator externus muscle, 
791, 815 
Obturator fascia, 574 
Obturator foramen, 566 
Obturator internus muscle, 
572, 790 
nerve to, 629, 790 
Occipital artery, 192 
Occipital condyles, 12 
Occipital crest, external, 12 
Occipital gyrus, 31 
Occipital lobe, of cerebral 
hemispheres, 31 
Occipital nerve, 5 
lesser, 179, 241 
Occipital protuberance, 
external, 12, 19 
Occipital sulcus, 31 
Occipitoatloid ligament, 45 
Occipitofrontalis muscle, 1-2 
Occipitomastoid suture, 19 
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Occipitotemporal gyrus 
lateral, 33 
medial, 33 
Oculomotor nerve, 60, 88-89 
Odontoid process (dens), 895- 
896 
Olecranon bursa, 722 
Olecranon fossa, 711 
Olecranon process, fracture of, 
724 
Olecranon region 
of elbow, 721-722 
surface landmarks of, 721 
Olfactory bulb, 33 
Olfactory nerves, 58, 96 
Olfactory roots, medial and 
lateral, 34 
Olfactory tract, 33 
Omental bursa, 439, 448 
Omental tuberosity, of 
pancreas, 553 
Omentum(a), 447-449 
definition of, 447-448 
greater, 441, 448 
lesser, 440, 448 
Omohyoid muscle, 186 
carotid artery ligation and, 
197 
posterior belly of, 241 
Omphalomesenteric duct, 399 
Operculum(a), of brain, 31 
Ophthalmic artery, 85, 95 
Ophthalmic division, of tri- 
geminal nerve, 61-62 
Ophthalmic nerve, 119-120 
Ophthalmic veins, 47, 85-86, 
95-96 
Opponens digiti quinti muscle, 
774 
Opponens pollicis muscle, 773 
Optic chiasma, 34, 59 
Optic disk, 80 
Optic foramen, 14, 20 
Optic groove, 20 
Optic nerve, 58-60, 80, 87- 
88 
Optic thalamus, 33 
Optic tracts, 34, 59 
Ora serrata, 79, 80 
Orbicularis oculi muscle, 124- 
125 
lacrimal portion of, 125 
orbital portion of, 124-125 
palpebral portion of, 125 
Orbicularis oris muscle, 125- 
126, 142 


Orbit, of eye, 75-76 
Orbital (anterior) surface, of 
brain, 33 
Orbital cavity, spread of injury 
in, 14-15 
Orbital decompression, 
intracranial approach to, 
76 
Orbital fascia, 83 
Orbital fissure 
inferior, 14 
superior, 2] 
Orbital floor 14 
fracture of, 75-76 
Orbital gyrus, 33 
Orbital nerves, 87 
Orbital region, of skull, 13-15 
Orbital sulcus, 33 
Organ of Corti, 116 
Oropharynx, 224-225 
Os, external, 603 
Os calcis, 882 
Osteoplastic craniotomy, 24 
Otoscopic examination, of tym- 
panic membrane, 107- 
108 
Ovarian artery, 619-620 
Ovarian ligament, 600-601 
Ovarian vein, 622 
Ovary, 608 
extremities and surfaces of, 
608 
structure of, 608 
suspensory ligament of, 600 


Pacchionian bodies Willis, 39 
Palatal aponeurosis, 152 
Palate 
cleft, surgical correction of, 
153 
hard, 150-152 
soft, 152-153 
Palatine artery, greater, 137 
Palatine fossa 
greater, 10 
lesser, 10 
Palatine rugae, 152 
Palatoglossus muscle, 153, 155 
Palatopharyngeus muscle, 153, 
228 
Palmar aponeurosis, of hand, 
762 
Palmar digital nerves, 761 
Palmar ligament, superficial 
transverse, 762 


Palmar region, of hand, 759- 
774 
layers of, 759-771 
Palmar spaces, deep, of hand, 
767-769 
Palmaris brevis muscle, 761- 
762 
Palmaris longus muscle, 725- 
726 
Palmaris longus tendon, 752 
Palpebrae, 71-73 
Palpebral conjunctiva, 73 
Palpebral fascia, 73 
Palpebral fissure, 71 
Palpebral ligament, 71 
Palsy, brachial plexus, 680-682 
Pampiniform plexus, 654 
Pancreas, 552-557 
adult, 552-555 
arcades of, 464 
blood vessels of, 553-555 
ducts of, 555 
embryology of, 552 
lymphatics of, 555 
omental tuberosity of, 553 
surgical considerations, 555- 
557 
uncinate process of, 553 
Pancreatic duct of Santorini, 
555 
Pancreatic duct of Wirsung, 
555 
Pancreaticoduodenal artery, 
441, 464-465, 470 
inferior, 554, 560 
superior, 554, 559 
Pancreaticolienal glands, 444 
Pancreatitis, chronic, 557 
Pancreatoduodenectomy, 555- 
557 
Panhysterectomy, 636-637 
Panniculus adiposus, see 
Camper’s fascia, 381 
Papilla, duodenal, 537 
Papillary muscles, 336 
Papilledema, 60, 88 
Paracentral lobule, of medial 
gyrus, 33 
Paracolic position, of appendix, 
480 
Paraduodenal fossa, 466 
Paraesophageal hernia, 
through hiatus, 286-287 
Paralysis 
Erb-Duchenne, 681-682 
Klumpke, 682 


Index 


Paramedian incision, of rectus 
sheath, 375 
Parametrium, 603 
Paranasal sinuses, 97-104 
Pararectal fossae, 587 
Pararectus incision, of rectus 
sheath, 375 
Pararenal fat, 409 
Parasternal line, of thorax, 252 
Parasympathetic nervous 
system 
of colon, 505 
of esophagus, 428 
of stomach, 445 
Parathyroid gland, 215 
Paravertebral line, of thorax, 
253 
Parietal branches, of internal 
iliac artery, 615-618 
Parietal cell vagotomy, 451 
Parietal fascia, of pelvis, 573- 
574 
Parietal foramen, 9 
Parietal layer, of pericardium, 
328-329 
Parietal lobe, 30-31 
of cerebral hemisphere, 30- 
31 
lesions of, 30-31 
Parietal pleura, 291-292 
“Parietal spider”, 49 
Parietal vein, 47 
Paronychia, 783 
Parotid duct, 131 
Parotid gland, 127-131 
abscess of, 133 
blood vessels of, 129-130 
borders of, 127 
fibrous capsule of, 128 
lymph nodes of, 130-131 
nerves of, 128-129 
surgical considerations, 131- 
133 
Parotid space, 158-159 
Parotidectomy, 131-133 
Pars flaccida, 108 
Patella, 818, 834-836 


Patellar (trochlear) surface, 826 


Patellar ligament, 818, 838 
Patent ductus arteriosus, 349, 
351 
closure of, 351 
Pecten, 491 
Pectinate line 
of anal canal, 491-492 


structural differences of, 492 
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Pectineal line, 566 
Pectineus muscle, 813 
Pectoral fascia, 673 
Pectoral region, of shoulder, 
673-675 
Pectoral wall, of axilla, 673 
Pectoralis major muscle, 258 
Pectoralis minor muscle, 674 
Pelvic colon, 487 
carcinoma of, 502 
Pelvic mesocolon, 487 
Pelvic plexus, 628 
Pelvic splanchnic nerve, 630 
Pelvic vessels, iliac incision to 
expose, 379 
Pelvis, 572-637 
abscess of, 481 
blood vessels within, 615- 
623 
bones of, 563-571 
diaphragm of, 572-577, 664- 
666 
false, 563 
of fascia, 573-577 
lymphatics within, 623-624 
muscles of, 572-573 
nerves within, 628-630 
neurovascular structures 
within, 615-637 
true, 563 
ureter portions in, 609-613 
vessels of, surgical considera- 
tions, 624-627 
viscera of, 578-608 
in female, 596-608 
in male, 586-594 
Penile urethra, 648-649 
Penis, 645-647 
body of, 645 
dorsal nerve of, 644 
glans of, 645 
internal structures of, 645- 
647 
roots of, 640, 645 
superficial structures of, 
645 
suspensory ligament of, 646 
vessels and nerves of, 646- 
647 
Peptic ulcer 
gastrectomy for, 449, 451 
perforated, closure of, 455, 
457 
vagotomy for, 451 
Perforated substance, of brain, 
34 
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Perforating artery, anterior, 
270 
Pericardiocentesis, 329 
Pericardiostomy, 329-330 
Pericardiotomy, 329-330 
Pericardium, 327-330 
bare area of, 327 
fibrous, 327 
layers of, 327-329 
oblique sinus of, 331 
sac of, 327 
serous 
parietal layer of, 328-329 
visceral layer of, 327-329 
surgical considerations, 329- 
330 
transverse sinus of, 331 
Pericecal fossae, 479 
Pericranium, 3 
Peridontal membrane, 149 
Perilymph, 116 
Perimetrium, 604 
Perineal body, 641, 661 
Perineal fascia, superficial, 
659-660 
Perineal muscles 
deep, 642-643, 664 
superficial, 640, 661 
Perineal nerve, 665 
Perineal pouch 
deep, 643-644 
superficial, 640-641, 660- 
661 
contents of, 640 
Perineal prostatectomy, 595 
Perineorrhaphy, 669-670 
Perineum, 638 
female, 657-672 
male, 638-644 
musculature of, 661-662 
Periorbita, 75 
Periosteum, of scalp, 3 
Perirenal fat, 409 
Peritoneal folds, see Omen- 
tum(a) 
Peritonsillar abscess, 163 
Peroneal artery, 856 
anterior branch of, 868 
Peroneal nerve, common, 833 
Peroneal retinacula, 866-867 
Peroneus brevis muscle, 851, 
853 
Peroneus longus muscle, 851, 
853 
Peroneus longus tendon, 879- 
880, 888-889 
Peroneus tertius muscle, 851 
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Pes anserinus, 65 
Petit’s triangle, 401 
Petrosal nerve 
great superficial, 64 
hiatus for, 21 
Petrosal sinus, inferior, 194 
Peyer’s patches, 468 
Pfannenstiel incision, of | 
abdominal wall, 380 
Phalanges, 776-778 
fractures of, 784-785 
middle and distant, disloca- 
tion of, 784 
of toe, 884 
Pharyngeal artery, 137 
ascending, 192 
Pharyngoepiglottic folds, 229 
Pharyngoplatinus muscle, 153 
Pharynx, 159, 223-228 
fibrous coat of, 228 
mucous coat of, 228 
muscular coat of, 227-228 
nasal part of, 223-224 
oral part of, 224-225 
Phrenic nerve, 181 
avulsion of, 181-184 
injury to, 184 
Phrenicocolic ligament, 486, 
546 
Phrygian cap, 534 
Pia mater, 39, 901-902 
Piles, 501 
Pineal body, 33 
Pinna of ear, see Auricle 
Piriform recess, of laryngo- 
pharynx, 226 
Piriformis, nerve to, 630 
Piriformis muscle, 572, 788 
Pirogoff amputation, 873 
Pisiform bone, 750 
Pisiform joint, 755 
Pituitary gland, see Hypophysis 
Placenta, role in fetal circula- 
tion, 421 
Plantar aponeurosis, 889 
deep, 876-877 
Plantar arch, 880 
Plantar artery 
lateral, 880 
medial, 880 
Plantar ligament 
long, 887, 889 
short, 886, 887, 889 
Plantar nerves, 875 
lateral, 880-881 
medial, 880 
Plantar spaces, 890-891 


Plantar surface, 874-881 
Plantaris muscle, 853 
Platysma, 222 
Platysma muscle, 239 
of neck, 177-178 
Pleura(e), 291-299 
junction of costal and dia- 
phagmatic, 293 
junction of costal and medi- 
astinal, 292 
surface markings of, 292-294 
surgical considerations, 294- 
299 
visceral and parietal, 291- 
292 
Pleural cavities, 291-299 
Pleuroperitoneal hiatal hernia, 
288 
Plica semilunaris, 71 
Plicae circulares, 467-468 
Pneumatisation, 112 
Pneumogastric (vagus) nerve, 
66-67 
Pneumonectomy, 310 
Politzer method, of inflation of 
middle ear, 114 
Polymastia, 267 
Polypi, nasal, 97 
Polythelia, 267 
“Pomum Adami’, see Adam’s 
apple 
Pons varolii, 35 
Popliteal aneurysms, 846 
Popliteal artery, 833 
Popliteal ligament, oblique, 
839 
Popliteal nerves, 831-833 
Popliteal region, of knee, 831- 
834 
Popliteal surface, of femur, 
826 
Popliteal vein, 833 
Popliteus bursa, 842 
Popliteus fascia, 831 
Popliteus muscle, 831, 854-855 
Porta hepatis, 518-519 
Portacaval shunts, 532-533 
Portal vein, 498-500, 524-525, 
555 
Posterior (flexor) group, of leg 
muscles, 853-856 
vessels and nerves of, 856 
Posterior (region) triangle, of 
neck, 170 
Posterior auricular nerve, 5 
Posterior condylar canal, 12 
Posterior cranial fossa, 21-22 


Posterior ethmoidal foramen, 
14 
Posterior fontanelle, 7 
Posterior triangle 
of neck, 238-243 
practical and surgical aspects 
of, 243-246 
Posterolateral region, of ab- 
dominal wall, 401-413 
Posterolateral thoracic incision, 
for carcinoma of 
esophagus, 428-429 
Postganglionic (postsynaptic) 
fibers, of autonomic ner- 
vous system, 363 
Potts operation, for tetralogy 
of Fallot, 349 
Poupart’s ligament, 383-384 
Preaortic glands, 444-445 
Precuneus, 33 
Preganglionic (presynaptic) 
fibers, of autonomic ner- 
vous system, 363 
Prepatellar bursa, 842 
Preperitoneal fatty areolar 
tissue, 652 
Prepuce, 645, 658 
Presacral nerve, 628 
Presacral neurectomy, 634, 
636 
Presbyopia, 83 
Pretracheal fascia, of neck, 
170-172 
prethyroid layer, 170-171 
pretracheal layer, 171-172 
Prevertebral fascia, 243 
of neck, 172 
Primitive gut, blood supply of, 
558 
Procerus muscles, 126 
Processus vaginalis, 390, 392- 
393 
Processus vaginalis peritonei, 
652 
Profunda artery, inferior, 
706 
Profunda brachii, 706 
Profunda femoris artery, 807 
Profunda vein, 719-720 
Profundaplasty, 812 
Promontoric position, of 
appendix, 480 
Promontory, 110 
Pronator quadratus muscle, 
728 
Pronator teres muscle, 725 
Proprius muscle, 737 
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Prostate gland, 590-594 
abscess of, 594 
anterior lobe of, 591 
capsules of, 592 
fascial relations of, 592-593 
median lobe of, 592 
posterior lobe of, 591-592 
surgical considerations, 594- 
596 
vessels of, 593 
Prostatectomy, 594-596 
perineal, 595 
retropubic, 596 
suprapubic, 594 
Prostatic sinus, 593, 648 
Prostatic urethra, 593, 647-648 
Prostatic utricle, 593, 648 
Prostatic venous plexus, 622 
Psoas major muscle, 405 
Pterion, 18 
Pterygoid artery, 137 
Pterygoid canal, artery of, 137 
Pterygoid fossa, 10 
Pterygoid muscle 
external, 135 
internal, 135 
Pterygoid plates, 10 
Pterygoid venous plexus, 138 
Pterygomaxillary fissure, 18 
Pterygopalatine ganglion, 62- 
63 
Pubis, 566 
muscular and ligamentous 
attachments of, 570-571 
Pubofemoral ligament, 794 
Puboprostatic ligaments, 581- 
582 
Pubovesical ligaments, 581- 
582 
Pudendum, 657-661 
Pudendal artery 
inferior, 644 
internal, 617-618, 664-665, 
790 
Pudendal nerve, 629-630, 665, 
790 
branches of, 630 
Pudendal plexus, of prostate 
gland, 592 
Pudic vein, superficial 
external, 802, 804 
Pulmonary artery 
left, 338 
right, 338 
Pulmonary decortication, 299 
Pulmonary ligament, 291, 309 
Pulmonary plexus, 445 
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Pulmonary segmental resec- 
tion, 312 
Pulmonary trunk, 309-310, 
338 
anatomic placement of, 343 
Pulmonary valve, audibility of, 
345 
Pulmonary veins, 309 
Pulmones, see Lungs 
Pulp, tooth, 149 
Pulvinar, 35 
Punctum lacrimale, 71, 74 
Pupil, 80 
Pyloric antrum, 440 
Pyloric canal, 440 
Pyloric orifice, of stomach, 437 
Pyloric sphincter, 440 
Pyloric stenosis, congenital, 
448 
Pylorus 
obstructed, gastrojejunos- 
tomy for, 449 
of stomach, 440 
Pyorrhea alveolaris, 150 
Pyramidal lobe, of thyroid, 201 
Pyramidalis muscle, 374 


Quadrangular space, in arm, 
702 

Quadrate tubercle, 825 

Quadratus femoris muscle, 791 

nerve to, 629 

Quadratus lumborum muscle, 
405 

Quadriceps femoris muscle, 
817 

Quinti proprius muscle, 734 


Radial (musculospiral) nerve, 
703-704 
Radial artery, 731, 751-752, 
769 
ligation of, 732 
Radial bursa, 766 
infections of, 779-780 
Radial collateral ligament, 754 
Radial fossa, 711 
Radial nerve, 706, 730 
exposure of, 731-732 
surgical considerations, 704 
terminal part of, 761 
Radial tubercle of Lister, 741 
Radical mastectomy, surgical 
considerations in, 275- 
279 
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Radicular syndrome, 682 
Radiocarpal joint, 754-755 
Radioulnar joint, 742-743 
inferior (distal), 743 
movements of, 743 
superior (proximal), 743 
Radius, 739-741 
distal fourth of, exposure of, 
745 
head and neck of, fractures 
of, 747 
shaft of, exposure of, 744- 
745 
Radix pulmonis, 291, 309 
Ramus communicans, 266 
Ramus(i), 565-566 
ischial, 565-566 
pubic, 566 
Ranula, 145 


Raphe, of hard palate, 151-152 


Rathke’s pouch, 55 
Rectal artery, see Hemorroidal 
artery, middle 
Rectal stalks, 490 
Rectocele, repair of, 669-670 
Rectosigmoid, carcinoma of, 
Miles procedure for, 
510-511, 513 
Rectourethralis muscle, 593 
Rectovaginal fistulae, 672 
Rectovesical pouch, 587 
Rectum, 488-490 
anterior relations of, 490 
blood supply of, 490 
carcinoma of, lymphatic 
spread in, 502, 504 
lower end of, vascular 
supply of, 500 
lymph vessels from, 624 
posterior relations of, 490 
surgery of, 501-505 
vascular supply of, 496-500 
Rectus abdominis muscle, 259, 
372-374 
actions of, 374 
Rectus femoris muscle, 817- 
818 
Rectus muscles, 83 
Rectus sheath, 374 
paramedian incision of, 375 
pararectus incision of, 375 
transrectus incision of, 376 
Red nucleus, 35 
Reid’s base line, in cranial 
topography, 24 
Renal artery, 409 
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Renal fascia, 407, 409 
Renal vein, 409, 411 
Rete testis, 651 
Retina, 80-8] 
central artery of, 80, 85 
detachment of, 81 
Retrobulbar neuritis, 104 
Retrocecal fossa, 479 
Retrocecal recess, 476 
Retroduodenal artery, 464 
Retromandibular vein, 129 
Retroperitoneal approach, to 
lumbar sympathectomy, 
632-633 
Retropharyngeal abscess 
unilateral variety, 173 
midline variety, 173 
Retroprostatic space of Proust, 
592 
Retropubic prostatectomy, 596 
Retrotrigonal fossa, 583 
Rhinal sulcus, 33 
Rhinitis, 104 
Rhinoscopy 
anterior, 97 
posterior, 97 
“Ribbon” muscles, of neck, 
186-187 
Ribs (costae), 253-256 
blood supply to, 256 
fractured, complications of, 
294 
head of, 254-255 
neck of, 255 
resection of, 296-299 
lung abscess and, 313 
special, 255-256 
tubercle and shaft of, 255 
Rima glottidis, 235 
Risorius muscle, 126 
Rods, 81 
Root of nose, 90 
Rostrum, of corpus callosum, 
32 
Rotation, of shoulder joint, 693 
Round ligaments, of female 
pelvic viscera, 598-600 
Rubrospinal tract, 907 


Saccule, 116 
Saccus endolymphaticus, 116 
Sacral anesthesia, 568 
Sacral artery 
lateral, 616 
middle, 497-498 


Sacral block anesthesia, 908 
Sacral hiatus, 899 
Sacral plexus, 628-630 
branches of, 629-630 
Sacral vein, medial, 622 
Sacrococcygeal region, 568 
Sacroiliac region, 568-569 
Sacrospinalis muscle, 402-403 
Sacrum, 566-567 
adult, 897-899 
Sagittal (longitudinal) sinus, 
superior, 50-51] 
Sagittal sinus, inferior, 5] 
Sagittal suture, 7, 9 
Salivary glands, 145-146 
sublingual, 145 
submandibular, 170 
submaxillary, 145, 222-223 
Salpingectomy, 637 
Salpingo-oophorectomy, 637 
Saphenous vein, 833 
anterior, 802 
internal, 801-802 
posterior, 802 
short, 803 
valves in, 803 
“S” arch, 165 
Sartorius muscle, 815-817 
Scala tympani, 115 
Scala vestibuli, 115 
Scalenovertebral angle, 251 
Scalenus muscles, 243 
Scalp, 1-6 
aponeurosis layer of, 1-2 
blood vessels of, 3-4 
dense connective tissue of, 1 
layers of, 1 
loose connective tissue of, 2- 
3 
lymph vessels of, 5-6 
nerves of, 4-5 
periosteum of, 3 
skin of, 1 
Scaphoid bone, 882-883 
fracture of, 756-757 
Scapula, 683-685 
angles of, 684-685 
lateral (axillary) border of, 
684 
medial (vertebral) border of, 
684 
muscles of, 687-689 
processes of, 685 
superior border of, 683-684 
surfaces of, 685 
Scapular anastomosis, 692 


Scapular line, of thorax, 253 
Scapular nodes, 274 
Scapular wall, of axilla, 673 
Scarpa foramen, 91 
Scarpa’s fascia, 369, 392 
of inguinal region, 381, 383 
Sciatic nerve, 629, 789 
Sciatic notch 
greater, 564, 566 
lesser, 566, 786 
Sclera, 77 
Scrotal ligament, 391 
Scrotum, 649-650 
fascia of, 649 
skin of, 649 
Sella turcica, 20 
Semicircular canals, 116 
Semicircular ducts, 116-117 
Semilunar cartilages, of knee, 
839-840 
Semimembranosus, 
ligamentous extensions 
of, 839 
Semimembranosus muscle, 
819-822 
Seminal colliculus, 593 
Seminal vesicles, 588-590 
Semitendinosus muscle, 819 
Senses, special, 71-117 
Sensory nerves, 96 
Septal cartilage, 93 
Septum 
atrial, defects of, 354 
of nose, 90, 91-92 
ventricular, defects of, 354 
Septum lucidum, 32 
Septum pellucidum, 32 
Serous coat, of bladder, 582 
Serratus muscles 
posterior 
inferior, 402 
superior, 402 
Sheath of psoas, 405 
Shoulder, 673-697 
abduction of, 693 
aspiration of, 694 
axillary and pectoral regions 
of, 673-683 
blood veeels of, 676-678 
deltoid and scapular regions 
of, 683-689 
dislocation of, 694-697 
recurrent, 697 
flexion movement of, 692 
ligaments of, 689-691 
movements of, 692-693 
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nerve supply to, 692 
relations around, 691 
surgical approach to, 693- 
694 
synovial membrane of, 691 
Shoulder blade, see Scapula 
Shrapnell’s membrane, 108 
Shunts, portacaval, 532-533 
Sibson’s fascia, 252, 300 
Sigmoid artery, 495 
Sigmoid colon, 487 
Sigmoid groove, 22 
Sigmoid sinus, of dura mater, 
52-53 
“Silver fork” deformity, 747 
Sinus, prostatic, 648 
Sinus disease, extranasal 
approach to, 102-103 
Sinus venosus sclerae, 78, 82 
Sinuses of Valsalva, 340 
Skene’s duct, 659 
Skin 
of abdomen, 368 
of ankle, 863 
of auricle, 106 
over deltoid region, 685 
of dorsum of hand, 738 
of external auditory meatus, 
106 
of eyelids, 71 
of face, 118 
of fingers, 776 
of forearm, 738 
of inguinal region, 381 
of lips, 142 
of neck, 177 
of nose, 90 
of palm of hand, 759-761 
of plantar surface, 874-875 
of posterior triangle, 239 
of scalp, 1 
of scrotum, 649 
Skull, 7-27 
base of, 19-22 
diploic veins of, 49 
embryology of, 7 
interior of, 19-22 
norma basalis of, 9-12 
norma frontalis of, 12-16 
norma lateralis of, 16-18 
norma occipitalis of, 18-19 
norma verticalis of, 8-9 
proper, 7-8 
subtemporal decompression 
of, 24-27 
surgical considerations, 22-24 


931 


Skull cap, 19 
Sliding hernia, 513 
Small intestine, 457-472, see 
also individual parts 
aseptic method of 
anatomosis of, 472 
open method of anastomosis 
of, 472 
vs. large intestine, 
differences between, 
473-475 
Smith’s fracture, 748 
Socia parotidis, 128 
Soft palate 
blood supply to, 153 
muscles of, 152-153 
nerves of, 153 
Solar plexus, 445 
Sole, of foot, 874-881 
Soleal (popliteal) line, of tibia, 
858 
Soleus muscle, 853 
Space of Retzius, prevesicle 
(retropubic), 580-581 
Space of Traube, 439 
Spangaro’s incision, to heart, 
346-347 
Spermatic artery, internal, 653 
Spermatic cord, 652-654 
blood vessels of, 653-654 
constituents of, 652 
lymphatics of, 654 
nerves of, 654 
Spermatic fascia 
external, 385, 392 
internal, 391 
of scrotum, 649 
Sphenoethmoidal recess, 92-93 
Sphenoid sinus, 102-104 
surgery of, 104 
Sphenomandibular ligament, 
140 
Sphenopalatine artery, 95, 
137-138 
Sphenoparietal sinus, of dura 
mater, 55 
Sphincter ani muscle, external, 
666-667 
Sphincter pupillae muscles, 80 
Sphincter urethrae, 648 
Sphincter urethrae 
membranaceae, 594, 
663-664 
Sphincter urethrae muscle, 
642-643 
Sphincteroplasty, 538 
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Sphincterotomy, 538 
Sphincters 
anal, 492-493 
of bladder, 582 
pyloric, 440 
Spinal (subarachnoid) anesthe- 
sia, 908 
Spinal accessory nerve, 67-68, 
70 
Spinal canal, see Vertebral 
canal 
Spinal column, see Vertebral 
column 
Spinal cord, 902-908 
anterior nerve roots of, 904 
ascending tracts of, 905-906 
descending tracts of, 906- 
908 
development of, 902 
gray matter of, 904-905 
injuries to, 907-908 
posterior nerve roots of, 904 
ganglion of, 904 
white matter of, 904-905 
Spinal lemniscus, 905 
Spinal meninges, 900-902 
Spinal nerves, arrangement of, 
265-266 
Spinalis muscle, 403 
Spinous process, of thoracic 
vertebra, 894 
Spiral ganglion, 116 
Spiral line, of femur, 826 
Spiral valve of Heister, 535 
Splanchnic nerves, 445 
Spleen, 546-551 
adult, 546-550 
blood vessels of, 547, 550 
embryology of, 546 
Splenectomy, 550-551 
segmental, 550-551 
Splenic artery, 547, 554, 558- 
559 
Splenic flexure 
carcinoma of, 502 
left, 486 
Splenic pedicle, 546 
Splenic position, of appendix, 
480 
Splenic vein, 547, 554-555 
Splenium, of corpus callosum, 
32, 35 
Splenius capitis muscle, 243 
Splenomegaly, congestive, 499 
Spongy urethra, 648-649 
Stapedius muscle, 110 
nerve to, 64 
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Stapes (stirrup), 111 
Staphylorrhaphy, 153 
Status lymphaticus, 218 
Stellate ganglionectomy, 184- 
186 
Stenosis, pyloric, congenital, 
448 
Stensen foramen, 91 
Stensen’s duct, 131, 146 
Sternal origin, of diaphragm, 
281 
Sternoclavicular joint, 259- 
260 
articular relations, 260 
movements of, 260 
Sternoclavicular ligament, 259 
Sternocleidomastoid muscle, 
168-169, 258 
nerves of, 178-179 
Sternocostal joints, 260 
Sternocostalis muscle, 261 
Sternohyoid muscle, 186, 258 
Sternopericardial layers, 327 
Sternothyroid muscle, 186- 
187, 258-259 
Sternum, 256-259 
angle of Louis or Ludwig, 
258 
body of, 257, 258 
development of, 257-258 
factures of, 259 
muscles attaching to, 258- 
259 
Stomach, 434-457 
adult, 434-441 
anterior surface of, 437-439 
attachments of, 447-449 
blood supply to, 441, 444 
body of, 440 
carcinoma of, 431-434, 456 
gastrectomy for, 449, 451 
curvature of 
greater, 439-440 
lesser, 439 
embryology of, 434 
fundus of, 440 
lymph drainage of, 444-445 
mucosa of, 447 
muscular coat of, 447 
orifices of, 437 
parasympathetic innervation 
of, 445 
position and shape of, 436 
posterior surface of, 439 
pylorus of, 440 
serous coat of, 446-447 
submucosa of, 447 


surgical considerations, 449- 
457 
sympathetic innervation of, 
445-447 
Straight sinus, of dura mater, 
51 
Sty, 73 
Styloglossus muscle, 155 
Styloid process, 12 
of fibula, 859 
Stylomandibular ligament, 
140-141 
Stylomastoid foramen, 12 
Stylopharyngeus muscle, 228 
Subacromial dislocation, of 
shoulder, 694 
Subaponeurotic space, of dor- 
sal region of hand, 774- 
775 
Subarachnoid cisternae, 38-39 
Subarachnoid space, 39, 901 
Subareolar plaxus of Sappey, 
273 
“Subastragaloid” joint, 885 
Subcecal fossa, 479 
Subclavian artery, 247-249 
left, 340 
postscalene portion of, 249 
prescalenus portion of, 247- 
248 
retroscalenus portion of, 
248-249 
Subclavian steal syndrome, 
correction of, 199- 
200 
Subclavian vein, 249-251 
Subclavicular dislocation, of 
shoulder, 694 
Subclavicular nodes, 274 
Subcoracoid dislocation, of 
shoulder, 694 
Subcostal artery, 263 
Subcostal groove, 263 
Subcostal muscle, 263 
Subcostal nerve, 266 
Subcostal vein, 406 
Subcutaneous inguinal ring, 
384, 392 
Subcutaneous space, of dorsum 
of hand, 774 
Subcutaneous tissue 
of eyelid, 71 
of palm of hand, 761-762 
Subdeltoid (subacrominal) 
bursa, 685, 687, 689 
Subdural hemorrhage, 27 
Subdural space, 39 


Subepicranial connective tissue 
space, 2 
Subinguinal glands 
deep, 624 
superficial, 623 
Sublingual caruncle, 145 
Sublingual ducts, 145 
Sublingual region, of mouth, 
144145 
Sublingual salivary gland, 
145 
Submandibular (Gasserian) 
ganglion, 61 
Submandibular (Langley’s) 
ganglion, 63 
Submandibular salivary gland, 
170 
Submaxillary (digastric) 
triangle, 219, 221-223 
dissection of, 221-223 
Submaxillary duct, 145-146 
Submaxillary lymph nodes, 170 
Submaxillary salivary gland, 
145, 222-223 
Submental lymph nodes, 175 
Submental triangle, of neck, 


173-175, 177 
Submucous coat, of bladder, 
582 


Submucous plexus, 446 

Submucous tissue, of lips, 142 

Subphrenic abscess, drainage 
of, 531-532 

Subphrenic spaces, of liver, 
526-531 

Subpyloric glands, 444 

Subsartorial canal of Hunter, 
816 

Subsartorial fascia, 816-817 

Subscapular artery, 678 

Subscapularis muscle, 688-689 

Subspinous dislocation, of 
shoulder, 694-695 

Substantia nigra, 35 

Subtemporal decompression, of 
skull, 24-27 

Suctorial fat pad, 146-147 

Sulcus cinguli, 33 

Sulcus terminalis, 335 

Superior vena cava, see Vena 
Cava, superior 

Supinator muscle, 736 

Supraclavicular fossa, minor, 
176 

Supraclavicular nerve, 179, 
241 

Supracondylar amputation, 846 
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Suprahepatic spaces, of liver, 
528 
Supramastoid crest, 16, 18 
Suprameatal triangle Mace- 
wen, 18 
Supraorbital artery, 85 
Supraorbital foramen, 13 
Supraorbital nerve, 4, 61, 119- 
120 
Suprapatellar bursa, 841-842 
Suprapiriformic space, nerves 
and vessels of, 790-791 
Suprapubic approach, to blad- 
der, 585 
Suprapubic cystostomy, 585- 
586 
Suprapubic prostatectomy, 594 
Suprascapular artery, 241, 243 
Supraspinatus muscle, 687-688 
Supraspinatus tendon, rupture 
of, 694 
Suprasternal (jugular) notch, 
258 
Suprasternal space of Burns, 
170 
Supratrochlear artery, 85 
Supratrochlear nerve, 4, 61, 
120 
Sural nerve, 832 
Surgical considerations 
of abdomen, 374-380 
of adrenal gland, 417 
of ankle, 873 
of bladder, 584-586 
of blood vessels, 195-200, 
347, 354-356, 708-709 
of brain, 22-24, 41-45 
of breast, 112-114, 274-275, 
275-279 
of cleft palate, 153-157 
of ear, 112, 114 
of elbow, 722-724 
of esophagus, 428-430 
of eye, 89-90 
of face, 121-124, 153-157 
of femur, 827-830 
of foot, 890-892 
of forearm, 731-732, 744- 
748 
of gallbladder, 540-544 
of hand, 739, 778-785 
of heart, 345-356 
of hip, 796-799 
of hernias, 284-290, 395-397 
of humerus, 712-714 
of hypophysis, 56-57 
of jejunoileum, 472 
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of kidneys, 413-417 
of knee, 846 
of large intestine, 506-513 
of larynx, 236-238 
of leg, 861-862 
of liver, 526-533 
of lungs, 310-313 
of mediastinum, 320-326 
of pancreas, 555-557 
of pelvis, 624-627, 631-636 
of pericardium, 329-330 
of phrenic nerve, 181-186 
of pleural cavity and 
pleurae, 294-299 
of prostate gland, 594-596 
of radial nerve, 704 
of rectum, 501-505 
of shoulder, 680-683, 693- 
697 
of stomach, 431-434, 449- 
457 
of sympathetic nervous 
sytem, 365-366 
of thigh, 810-812 
of thyroid gland, 209-215 
of tonsils, 162-163 
of ureter, 613-614 
of urogenital system 
in female, 667-672 
in male, 654-656 
of uterus and adnexa, 636- 
637 
of wrist, 756-758 
Suspensory ligament, 82 
of Lockwood, 83 
of ovary, 600 
of penis, 646 
Swan-Ganz catheter, physio- 
logical monitoring with, 
359 
Syme’s amputation, through 
ankle joint, 873 
Sympathectomy, 365-366 
lumbar, 631-634 
Sympathetic block, lumbar, 
631 
Sympathetic nervous system, 
363-367 
of colon, 505 
of esophagus, 426, 428 
ganglionated chain of, 363- 
367 
of lumbar region, 630 
of stomach, 445-447 
surgical considerations of, 
365-366 
of thyroid gland, 208 
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Symphysis menti, 15 
Synovial membrane 
of ankle, 869-870, 872 
of elbow, 716-717 
of hip, 794 
of knee, 841 
of shoulder, 691 
of temporomandibular joint, 
141 
Synovial sheath, of finger and 
thumb, 764-765 


Taeniae coli, of large bowel, 
473, 476 
Talipes calcaneus, 891 
Talipes equinus, 891 
Talipes valgus, 891 
Talipes varus, 891 
Talocalcaneal joint, 884-885 
Talocalcaneonavicular joint, 
885 
Talocrural joint, see Ankle 
Talofibular ligament, 869 
Talonavicular joint, 874 
Talus, 869, 881-882 
Tapetum, of corpus callosum, 
32 
Tarsal gland, 71, 74 
Tarsal joints, 884-886 
transverse, 886 
Tarsal plates, of eyelid, 73 
Tarsometatarsal joint, 874, 886 
Tarsus, 881-883 
Tear lake, 71 
Tectospinal tract, 907 
Teeth 
bicuspids, 148 
canine, 148 
deciduous, 147 
incisors, 148 
infections of, 149-150 
maxillary, 149 
and maxillary antrum, 99 
molars, 148-149 
permanent, 147-149 
venous drainage of, 149-150 
Tegmen tympani, 21, 108 
Tegmental wall, of middle ear, 
108-109 
Tegmentum, of cerebral pe- 
duncle, 35 
Temporal artery 
deep, 137 
superficial, 130 
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Temporal bone, arcuate 
eminence of, 21 
Temporal gyrus, 31 
inferior, 33 
Temporal line, of skull, 16 
Temporal lobe, of cerebral 
hemispheres, 31 
Temporal nerve, 65, 121 
Temporal region, of face, 133- 
135 
Temporal sulcus, 31 
Temporalis fascia, 133 
Temporalis muscle, 133-134 
Temporomandibular joint, 
139-141 
articular disk of, 139 
synovial membrane of, 141 
Temporomandibular ligament, 
139-140 
Tendo calcaneus (achillis), 863 
Tendo calcaneus muscle, 853- 
854 
Tendon, conjoined, 385, 386 
Tendon sheaths, of ankle, 
867 
Tenon’s capsule, 75, 83 
Tenosynovitis, 778 
Tensor fasciae latae muscle, 
790 
Tensor palati muscle, 153 
Tensor tarsi, 125 
Tensor tympani muscle, 110 
Tentorial (posterior) surface, of 
brain, 33-35 
Tentorium cerebelli, 28, 37 
Teres minor muscle, 688 
Testicle 
descent of, 390-392 
tumors of, 654 
Testicular artery, 653 
Testicular vein, 622, 654 
Testis, 650-651 
gubernaculum, 390-391 
mediastinum, 651 
rete, 651 
Tetralogy of Fallot, 348, 349 
Thenar eminence, 771, 773- 
774 
Thenar space, 768 
infections of, 780-781 
Thesbesian valve, 336 
Thigh, 800-830 
blood vessels of, 801-804 
fascia of, 800-801 
deep, 804-810 
front of, 800-804 


inguinofemoral region of, 
805-810 
lymphatics of, 804 
musculature of, 812-822 
nerves of, 800 
septa of, 804-805 
surgical considerations, 810- 
812 
Thoracic (mammary) vein, 
internal, 264-265 
Thoracic artery 
lateral, 270-272, 678 
superior, 677 
Thoracic duct, 251, 360-362 
adult, 360-362 
embryology of, 360 
parts of, 360 
trauma to, result of, 362 
valves of, 360, 362 
Thoracic incision 
for diaphragmatic hernio- 
plasty, 290 
posterolateral, for carcinoma 
of esophagus, 428 
Thoracic nerve, long, 243 
Thoracic outlet syndromes, 
243-244 
symptoms of, 244 
treatment of, 244 
Thoracic projection 
of heart and great vessels, 
342-345 
of heart valve sounds, 345 
Thoracic vertebra, 894 
Thoracoabdominal approach, 
to adrenal gland, 417 
Thoracoabdominal incision 
for esophageal cancer, 429 
for gastric cancer, 456 
Thoracoacromial artery, 677 
Thoracodorsal artery, 678 
Thoracoplasty, 299 
Thoracostmy, open method, 
296-299 
Thoracostomy, closed method, 
296 
Thorax, 300-367 
blood vessels of, 263-265 
bony, 252-266 
inferior aperture of, 252-253 
relations of esophagus to, 
423-424 
superior aperture of, 252 
sympathetic ganglionated 
chain of, 363-365 
Thrombectomy, 827-828 


Thumb 
dislocation of, 784 
fibrous sheath of, 764 
metacarpal bone of, 755 
muscles of, 771, 773-774 
synovial sheath of, 764-765 
Thymus gland 
adult, 216-217 
blood vessels of, 217 
embryology of, 215-216 
lymphatics of, 217-218 
Thyroarytenoid muscle, 232 
Thyrocervical trunk, 251 
Thyroepiglottic ligament, 228 
Thyroglossal cyst, 213, 215 
removal of, 215 
Thyroglossal duct, 200 
removal of, 213-215 
Thyrohyoid arch, embryology 
of, 165 
Thyrohyoid cartilage, 168 
Thyrohyoid ligaments, 231 
Thyrohyoid membrane, 231 
Thyrohyoid muscle, 187 
Thyroid artery 
accessory, 202, 204 
inferior, 202 
ligation of, 210 
superior, 191, 201-202 
ligation of, 209-210 
Thyroid cartilage, 168, 229- 
230 
Thyroid ganglion, of cervical 
sympathetic group, 181 
Thyroid gland, 200-215 
accessory, 200 
adult, 200-201 
blood vessels of, 201-205 
embryology of, 200 
lymphatics of, 208-209 
nerves of, 205-208 
sympathetic, 208 
Thyroid ligament, 229 
Thyroid notch, 229 
superior, 168 
Thyroid vein 
inferior, 205 
middle, 195, 205 
superior, 204-205 
Thyroidea ima, 202 
Thyroidectomy, 210-215 
subtotal, 210-213 
total, 213 
Thyrothymic ligament, 217 
Thyrotomy, 236 
Tibia, 856-859, 869 
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attachments to, 858-859 
distal end of, 858 
proximal end of, 856-858 
shaft of, 858 
fractures of, 862 
surgical approach to, 861 
Tibial artery 
anterior, 851, 867 
posterior, 856, 867-868 
Tibial collateral ligament, 839 
Tibial nerve, 832 
anterior, 851 
posterior, 856 
Tibialis anterior muscle, 849 
Tibialis posterior muscle, 855- 
856 
Tibialis posterior tendon, 880 
Tibiofibular joints, 843-846 
inferior, 845-846 
superior, 844-845 
Tic douloureux, 64 
clinical and surgical consid- 
erations, 121 
Toes, 890 
fibrous flexor sheaths of, 
876 
hammer, 892 
Tongue, 153-157 
dorsal surface of, 154 
inferior surface of, 155 
lymph drainage of, 157 
motor nerve of, 155-157 
muscle susbtance of, 155 
papillae of, 154-155 
Tonsillar artery, 161 
Tonsillar crypts, 160 
Tonsillar node of Wood, 162 
Tonsillectomy, 163 
Tonsils, 159-162 
borders of, 161 
lateral surface of, 161 
medial surface of, 160-161 
poles of, 161 
structural connections, 161- 
162 
surgical considerations, 162- 
163 
Torcular Herophili, 50 
Toti’s operation, 75 
Trabeculae carnea, 336 
Trachea, 314-315 
blood supply to, 315 
Trachealis muscle, 314 
Tracheotomy (tracheostomy), 
237-238 
Tragus, 105 
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Transabdominal approach, to 
adrenal gland, 417 
Transabdominal section, of 
vagus nerve, 451, 454 
Transperitoneal approach 
to ligation of external iliac 
artery, 627 
to ligation of inferior vena 
cava, 626 
to lumbar sympathectomy, 
633-634 
Transphenoidal operation, on 
hypophysis, 56-57 
Transplantation, of kidney, 413 
Transrectus incision, of rectus 
sheath, 376 
Transsacral anesthesia, 568- 
569, 908 
Transthoracic supradiaphrag- 
matic section, of vagus 
nerve, 326 
Transthoracic transdiaphrag- 
matic procedure 
for carcinoma of esophagus, 
428 
for removal of lower esopha- 
geal cancer, 429 
Transurethral resection, 594- 
595 
Transversalis fascia, 389-390 
Transverse (anterior cutane- 
ous) nerve, 179 
Transverse (lateral) sinus, of 
dura mater, 51-52 
Transverse colon, 482, 484- 
486 
Transverse groove, 22 
Transverse incisions, of ab- 
dominal wall, 379-380 
Transverse ligament, of knee, 
840-841 
Transverse process, of thoracic 
vertebra, 894 
Transverse sinus, of pericardi- 
umm, 331 
Transversus abdominis muscle, 
386, 388-389, 405 
aponeurosis of origin of, 
406 
Transversus muscle, 155 
Transversus spinalis muscle, 
403, 405 
Transversus thoracis muscle, 
259, 260-263 
Trapezium bone, 750 
Trapezoid bone, 750 
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Trauma 
phrenic nerve, from vein 
catheterization, 184 
to spinal column, 907-908 
to thoracic duct, 362 
Trephining operation, to 
expose brain, 22 
Triangle of Calot, 539 
Triangular fascia, 384 
Triangular ligaments, 384, 517, 
662-663 
Triangular space, in arm, 702 
Triceps muscle 
lateral head of, 701 
long head of, 702 
medial head of, 701 
Tricipital tendon, 791 
Tricuspid orifice, of atrium, 
336 
Tricuspid valve, audibility of, 
345 
Trigeminal ganglion, injection 
of, 122-124 
Trigeminal impression, 21 
Trigeminal nerve, 60-64, 119 
divisions of, 61 
mandibular, 63-64, 138 
maxillary, 62-63 
ophthalmic, 61-62 
Trigeminal neuralgia, 64, 120 
clinical and surgical consid- 
erations, 12] 
Trigonum vesicae, 582-583 
Triquetrum bone, 749-750 
Trochanter 
greater, 825 
lesser, 825 
Trochanteric crest, 824 
Trochanteric fossa, 824-825 
Trochanteric line, 823-824 
Trochlear, 711 
Trochlear nerve, 60, 89 
Truncal vagotomy, 451 
Truncus, of corpus callosum, 
32 
Tuber ischii, 565 
Tuber omentale, 522, 553 
Tubercle of scaphoid, 749 
Tuberculum sellae, 20 
Tumors 
glomus, 190 
of maxillary antrum, 99-100 
orbital, removal of, 76 
of testicle, 654 
Tunica albuginea, 647, 651 
Tunica vaginalis testis, 391, 
649-650 
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Tympanic (mastoid) antrum, 
111-112 
Tympanic cavity, see Ear, 
middle 
Tympanic membrane, 18, 106- 
108 
otoscopic examination of, 
107-108 
secondary, 110 
Tympanic notch, 107 
Tympanic membrane, incision 


of, 108 


Ulna, 741-742 
shaft of, exposure of, 745 
Ulnar artery, 730-731, 752, 
769 
ligation of, 732 
Ulnar bursa, 766 
infections of, 778-779 
Ulnar collateral artery 
inferior, 706 
superior, 706 
Ulnar collateral ligament, 754 
Ulnar nerve, 706, 708, 722, 
752, 769 
palmar cutaneous branch of, 
761 
Umbilical artery, 400, 618 
Umbilical cord, hernias of, 400 
Umbilical fascia, 400 
Umbilical hernia 
in adult, 400 
repair of, 401 
types of, 400 
Umbilical ligaments, 582 
Umbilical papilla, 400 
Umbilical vein, 400 
Umbilicus, 368-369, 397-400 
embryology of, 397-399 
incisions above and below, 
379 
lymphatics of, 400 
peritoneal surface of, 398- 
399 
vascular supply around, 400, 
500 
Umbo, 106 
Uncinate process, of pancreas, 
553 
Uncus, of hippocampal gyrus, 
33 
Uncus hook, 553 
Urachus, 369, 398 
Uranoplasty, 153 
Ureter, 609-614 


exposure of, 613-614 
iliac incision in, 379 
left, 609 
in pelvis, 609-613 
in male, 613 
pars anterior, 612-613 
pars intermedia, 611-612 
pars posterior, 610-611 
right, 609 
surgical considerations, 613- 
614 
Urethra, 647-649 
bulb of, 645 
membranous, 648 
prostatic, 593, 647-648 
spongy, penile or cavernous, 
648-649 
Urethral crest, 593, 647-648 
Urethral orifice, 659 
internal, 583 
Urethral sphincter, 594 
Urinary meatus, external, 659 
Urinary sphincter 
external, 594 
internal, 594 
Urinary tract, anomalies of, 
413 
Urogenital diaphragm, 641- 
644 
in female, 662-664 
inferior fascia of, 641-642 
inferior layer of, 663 
perineal compartment of, 
663 
superior fascia of, 642 
superior layer of, 663 
Urogenital system 
female, 657-661 
surgical considerations, 
667-672 
male, 638-654 
surgical considerations, 
654-656 
Urogenital triangle, 639-644 
superficial fascia of, 639-640 
Uterine artery, 619 
Uterine plexus, 621-622 
Uterine tubes, 607-608 
Uterosacral ligaments, 600 
Uterus, 601-606 
and adnexa, surgical con- 
siderations for, 636-637 
bicornate, 606 
body of, 601-603 
cavity of, 603 
cervix of, 603-604 
fundus of, 601 


lymph vessels from, 624 
malformations of, 605-606 
structure of, 604-605 
Uterus didelphys, 605 
Uterus duplex, 605 
Uterus simplex, 605 
Utricle, 116 
prostatic, 593, 648 
Uveal tract, 79 
Uvula, 152, 583 


Vagectomy, 326 
Vagina, 606 
coats of, 606 
lymph vessels of, 624 
vestibule of, 659 
Vaginal artery, 606, 619 
Vaginal hydrocele, 395 
Vaginal hysterectomy, 667-669 
Vaginal indirect inguinal 
hernia, 393 
Vaginal orifice, 659 
Vagotomy, 326 
types of, 451 
Vagus nerve, 66-67, 179, 445 
transabdominal section of, 
451, 454 
transthoracic supradia- 
phragmatic section of, 
326 
Vallate papillae, 154-155 
Vallecula cerebelli, 35 
Vallecula epiglottica, 229 
Valsalva’s method, of inflation 
of middle ear, 114 
Valve sounds, cardiac, thoracic 
projection of, 345 
Valves of Houston, 489 
Varicocelectomy, 654-656 
Vas deferens, 587-588, 653 
artery of, 619, 653-654 
Vasa brevia, 441 
Vasa recta, leakage from, 465 
Vascular arch of Treitz, 463 
Vastus intermedius muscle, 
818 
Vastus lateralis muscle, 818 
Vastus medialis muscle, 818 
Vein catheterization, phrenic 
nerve injury from, 
184 
Vein of Galen, 50 
Vein of Mayo, 440 
Veins, see also specific types 
azygos system of, 357-358 
Veins of Retzius, 500, 517 
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Vena azygos minor 
inferior, 357 
superior, 357-358 
Vena cava 
inferior, 334-335, 622-623 
anatomic placement of, 
343 
anomalies of, 623 
ligation of, 624-626 
thoracis aperture for, 283- 
284 
valve of, 334-335 
superior, 333-334, 358-359 
anatomic placement of, 
342-343 
Venae vorticosae, 77, 79 
Venous plexus 
prostatic, 622 
vesical, 622 
Venous sinuses, of dura mater, 
50-55 
Ventricle, of heart 
left, 338 
right, 336 
Ventricular system 
of brain, 39-41 
encephalogram of, 41-44 
Ventriculography, 44 
Ventriculum, septal defects of, 
354 
Ventriculus, see Stomach 
Vermiform appendix, 480-481 
abscess of, 481 
blood supply to, 480-481 
length of, 480 
mesentery of, 481 
position of, 480 
removal of, 481-482 
Vertebra prominens, 895 
Vertebra(e) 
cervical, 894-896 
coccygeal, 899 
ligaments of, 899 
lumbar, 894 
sacralization of, 899-900 
sacral, 897-899 
thoracic, 894 
Vertebral artery, 45, 251 
Vertebral canal, 894, 900-902 
Vertebral column, 893-900 
curvature of, 893 
stress and strain on, 896-897 
Vertebral foramen, 894 
Vertebral ganglion, of cervical 
sympathetic group, 
18] 
Vertebral vein, 251 
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Vertebrobasilar system, 
occlusive disease of, 199 
Vertex, of skull, 9 
Vertical incisions, of abdominal 
wall, 379 
Verticalis muscle, 155 
Verumontantitis, 594 
Verumontanum, 593 
Vescia urinaris, see Bladder 
Vesica fellea, see Gallbladder 
Vesical artery 
inferior, 584, 618-619 
superior, 584, 618 
Vesical sphincter, 594 
Vesical venous plexus, 622 
Vesicovaginal fistulae, 671-672 
Vestibular fold, 234 
Vestibular glands, greater, 661 
Vestibular ligament, 231 
Vestibulocochlear (auditory) 
nerve, 65-66 
Vestibulocochlear nerve, 117 
Vestibulospinal tract, 907 
Vibrissae, nasal, 90 
Vincula, 766 
Viscera, pelvic, 578-608 
in female, 596-608 
in male, 586-594 
Visceral arches, embryology of, 
164-165 
Visceral branches, of internal 
iliac artery, 618-619 
Visceral clefts, 164 
Visceral fascia, of pelvis, 576- 
577 
Visceral layer, of pericardium, 
327-329 
Visceral pleura, 291 
Visceral pouches, 164 
Visceral vascular fascial space, 
159 
Visual cells, of retina, 81 
Visual centers 
higher, 60 
lower, 35 
Vitello-intestinal duct, 369, 399 
Vitreous body, of eyeball, 82 
Vocal cords, 235-236 
false, 231 
Vocal ligament, 231 
Vocal muscle, 232 
Volar arch 
deep, of palm of hand, 769 
superficial, 762-763 
Von Elsberg’s forked 
denticulation, 902 
Vulva, 657-661 
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Waldeyer’s fossa, 466-467 
Waldeyer’s ring, 154 
Webs, of fingers, 762 
Web space, infections of, 778 
Wens, 1 
Wharton’s duct, 223 
“Whiplash”, 897 
Whitlow, 782 
Wings (alae), of nose, 90 
Wolffian ducts, 596 
Wounds, cardiac, 347-348 
Wrisberg’s lobe, 308-309 
Wrist, 749-758 
amputations of, 758 
arthrodesis of, 757 
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carpal bones of, 749-751 

disarticulations at, 758 

dislocation of, 757 

distal skin crease of, 751-754 

joints of, 754-756 

surgical considerations, 756- 
758 


Xeroderma pigmentosum, 45 


Yellow spots, retinal, 80 
Y-ligament of Chopart, 887 


Zeiss, glands of, 71 
Zinn, ligament of, 83 
Zona orbicularis, 792 
Zonula ciliaris, 82 
Zygomatic arch, 11, 18 
Zygomatic nerve, 65, 121 
zygomatico-facial branch of, 
120 
zygomatico-temporal branch 
of, 120 
Zygomatic region, of skull, 15 
Zygomaticofacial foramen, 15 
Zygomaticus muscle 
major, 126 
minor, 126 


